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ABSTRACT

DETERMINING THE MECHANISM OF GLUCOCORTICOID-MEDIATED
SUPPRESSION OF TRACHEAL ANTIMICROBIAL PEPTIDE EXPRESSION IN
BOVINE TRACHEAL EPITHELIAL CELLS

Laura Siracusa

Advisor:

University of Guelph, 2018

Dr. Jeff Caswell

This research aimed to identify the mechanism by which glucocorticoid downregulates
inducible innate immune responses in bovine tracheal epithelial cells (bTEC). It adds
knowledge regarding the bTEC surface receptor profile, as TLR 2 surface expression on
bTEC was not identified. For this reason, the effect of glucocorticoid on expression of
TLR 2 could not be determined. This research adds to the scant information available
about the tracheal antimicrobial peptide (TAP) promoter region. The 500 bp sequence
upstream of the TAP start site responded to inflammatory stimuli, but the 500, 1000 and
1500 bp upstream sequences had no observed response to glucocorticoid.
Glucocorticoid upregulated IkB mRNA expression in bTEC, with no effect on other NFκB-related genes. Thus, these studies identify reduced IkB gene expression as a likely
mechanism by which glucocorticoid dampens this inducible innate immune response.
These findings have significance in developing interventions to prevent stressassociated bovine respiratory disease.
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1 Introduction and Background
1.1 Overview of Inflammatory Responses in the Bovine Lung
Often during transportation, weaned beef cattle contract a respiratory infection
known as bovine respiratory disease (BRD) that can lead to major financial loss and
death of the animal. It was estimated that 1 billion dollars across North America is lost
annually due to diseased beef cattle (Whiteley et al. 1992).
Mannheimia haemolytica is a gram-negative commensal bacterium found in the
nasopharynx of calves and other ruminants. Both the A1 and A2 serotypes of this
bacteria are capable of having a symbiotic relationship with the host. However, under
stressful conditions, the A1 serotype can cause disease, via suppression of host
antimicrobial mechanisms, which can lead to development of BRD (Rice et al. 2007).
Preventative treatment of M. haemolytica infection with antibiotics has led to many
forms of antibiotic resistance (Welsh et al. 2004). New, creative means of boosting
innate immune defences are crucial in overcoming this disease in the agricultural
industry, but first it is important to understand the mechanisms of bovine respiratory
disease before considering approaches to combat it.
The bovine airway epithelia are coated by airway surface liquid (ASL); this ASL
layer contains many antimicrobial peptides including many types of b-defensins. The
most well characterized bovine b-defensin is tracheal antimicrobial peptide (TAP), and
its expression is highest in the ASL (Ackermann et al. 2010)(Figure 5-1). Airway
epithelial cells also have the capacity to release pro-inflammatory cytokines such as IL1

6, CXCL-8, TNF-a and IL-1b upon exposure to a pathogen. The typical response of
airway epithelial cells to bacterial pathogens is to amplify the inflammatory response,
leading to the activation of Toll-like receptors and rapid signalling of the NF-kB and
JAK-STAT pathways. This ultimately leads to the upregulation of cytokines and positive
feedback (Whitsett and Alenghat 2015).
During shipping, an acute stressful life event, beef cattle produce elevated
amounts of cortisol that can lead to various regulatory changes in the immune system.
This can include a change in the function and number of neutrophils and natural killer
(NK) cells, a decrease in cell receptor profiles, and a change in the expression of
tracheal b-defensins (Ishizaki, 2010; Odore, 2004; Taha-Abdelaziz, 2016). All of these
changes in innate immune defences can leave cattle susceptible to respiratory infection.
Determining the mechanisms by which glucocorticids affect the immune sytem will shed
light on how to combat this global issue.

1.2 Inflammation via TLR and NF-kB Signaling in Lung Epithelial
Cells
Pattern recognition receptors (PRRs) are an integral part of innate immunity.
PRRs are host receptors that recognize pathogen-associated molecular patterns
(PAMPs; molecules conserved among many pathogens) which are introduced to the
immune system by invading pathogens. Damage-associated molecular patterns
(DAMPs) are host molecules released during stress or host damage can also be
recognized by certain PRRs. The bovine lung epithelial cells are capable of recognizing
PAMPs from many different sources, including Mannheimia haemolytica, Pasteurella
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multocida, Mycoplasma bovis, and bovine viral diarrhea virus (BVDV) (Ackermann et al.
2010). A specific type of PRR found within lung epithelial cells is called the Toll-like
receptor (TLR). Every type of TLR is composed of a cytoplasmic signaling domain
(Toll/IL-1 receptor domain), a transmembrane domain, and an extracellular domain
containing many leucine-rich repeats that recognizes the various PAMPs (Kawai and
Shizuo 2011). TLR 2 recognizes constituents from gram-positive bacteria, gramnegative bacteria, mycoplasmas, mycobacteria, and yeast. When a TLR binds its
ligand, activation of two signaling cascades follow, the MyD88 pathway and the TRIFdependent pathway (Kawai and Akira 2011)( Figure 5-2). TLR 2 forms a heterodimer
with either TLR 6 or TLR 1 to convey signals down the cascade (Kawai and Akira 2011).
MyD88 and TRIF cause downstream activation of the transcription factor complex, NFkB, which is crucial for the activation of the inflammatory response (Verma et al. 1995).
This complex is capable of binding DNA, dimerizing with itself, and interacting with
inhibitory proteins (i.e. IkB, inhibitor of NF-kB). NF-kB is inactive when it is bound to IkB.
IkB contains ankyrin repeat motifs which interact with the REL portion of NF-kB,
preventing translocation into the nucleus and preventing transcription(Beg et al. 1992).
In the canonical pathway, NF-kB activity in airway epithelial cells is upregulated in
response to exposure to a bacterial pathogen via the IKKB-IkBa and the p-38 MAPK
pathways (Kweon et al. 2006). Upon activation of IKKB, phosphorylation of IkB protein
leads to its degradation by proteasomes, which leads to the translocation of NF-kB to
the nucleus where it binds to target DNA such as the promoter region of genes (Barnes
and Adcock 1997) (Figure 5-2).
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1.3 The Effects of Glucocorticoid on Toll-Like Receptor 2 Expression
TLR 2 is a cell surface protein that recognizes various PAMPs, making this receptor
valuable to host cells for recognition of stimuli present in the extracellular
microenvironment. Activation of TLR 2 by bacterial constituents can lead to the
upregulation of various anti-microbial and pro-inflammatory proteins. When an organism
is under stress, however, the secretion of glucocorticoids may affect the regulation of
these antimicrobial proteins.
Previous reports show a variable effect of glucocorticoids on TLR mRNA
expression. Homma et al., 2004 showed an increase in TLR 2 mRNA and protein
expression in response to dexamethasone in human airway epithelial cells but no effect
of dexamethasone on mRNA expression of other TLRs (i.e. TLRs 1 and 7-10). Surface
expression of TLR 2 requires hetero-dimerization with either TLR1 or TLR6 to be
functional in detecting bacterial PAMPs (Takeda and Akira 2004). For this reason, it is
interesting that a dexamethasone-induced upregulation of TLR 1 mRNA expression is
not seen in concert with that of TLR 2 mRNA. Thus, it is possible that an increase in
TLR 2 mRNA or protein alone does not allow for an increase in functional dimerized
surface TLRs capable of detecting pathogens. Another explanation is that the cells used
in the Homma, 2004 study were exposed to dexamethasone for 24 hours, yet the
duration of action of dexamethasone lasts from 36-54 hours (Drug Facts and
Comparisons 5ed, 1997). Therefore, it may have been more informative to determine
the effects of dexamethasone on mRNA over a longer time period. Homma et al., 2004
used pharmacologically attainable concentrations (0.01-1.0 µM) of dexamethasone in
4

combination with pro-inflammatory cytokines to measure the effects of glucocorticoids
on TLR 2 expression. There was a significant increase in TLR 2 mRNA and protein in
an airway epithelial cell line (BEAS-2B) treated with dexamethasone. It was also
determined, by using the glucocorticoid receptor inhibitor RU-486, that this effect was
mediated by a glucocorticoid receptor. An NF-kB pathway-inhibitor was used to
demonstrate the necessity of NF-kB activation for the upregulation of TLR 2 (Homma et
al. 2004). Additionally, it was determined that the p38 MAPK protein is not required for
this upregulation response, further supporting the NF-kB-dependent nature of this
pathway. The researchers confirmed that exposure of BEAS-2B cells to dexamethasone
induced an upregulation of TLR 2 protein and mRNA, as well as the upregulation of
surface TLR 2 as detected using a TLR 2-specific monoclonal antibody in human cells
(Homma et al. 2004).
TLR 2 can be found in many cell types including stereotypically non-immune
system cells such as epithelial cells (e.g., HeLa cells, Flo et al., 2001), as well as
professional immune cells such as monocytes. The response of these cell types to proinflammatory cytokine stimulation differs. In monocytes, exposure to TNF-a, IFN-g and
IL-4 resulted in a downregulation of TLR 2 surface expression (Flo et al. 2001). In
contrast, TLR 2 expression in HeLa cells had an opposite effect, whereby TLR 2
expression was upregulated (Flo et al. 2001).
It was found that non-typeable Haemophilus influenzae (NThi) up-regulated TLR
2 protein in human bronchial epithelial cells. Researchers also showed the important
5

role of NF-kB in TLR 2 upregulation, because inhibiting the p65 subunit using CAPE
resulted in a significant decrease in TLR 2 upregulation in response to NThi stimuli seen
at the protein level using western blot analysis (Tsuyoshi, 2002). Similarly, TLR 2
protein upregulation was significantly dampened by use of inhibitors IkB and IKKb.
During NThi infection of human epithelial cells, it appeared that early phase NF-kB
activation upregulated the production of TLR 2. TLR 2 protein expression was
upregulated not only through the NF-kB signaling pathway, but also through the
MKK3/6 p38 MAPK pathway (Shuto et al. 2001). This alternative activation comes into
play during synergistic activation of TLR 2 via glucocorticoids and bacterial infection.
Researchers demonstrated the involvement of the glucocorticoid receptor in
upregulation of TLR 2. Typically, glucocorticoids have a suppressive effect on the
immune system; however, glucocorticoid-induced expression of TLR 2 could result in an
activation and heightened sensitivity of cells to inflammatory stimuli. One mechanism by
which glucocorticoids induce their suppressive effects is via suppression of the NF-kB
pathway, and this might suggest that there is an alternative pathway by which
glucocorticoids can act that results in activation of the immune response and
upregulation of TLR 2. (Shuto et al. 2002)) suggested that glucocorticoids act on the
MAPK pathway as an alternative to the canonical NF-kB pathway because suppression
of the MAPK pathway leads to similar results as dexamethasone. This could be
considered a possible protein-protein interaction of glucocorticoids in the TLR 2
upregulation mechanism, rather than the protein-DNA interaction.
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The human TLR 2 gene consists of three exons, of which two are short, located
at the 5’ end of the sequence and encode the 5’UTR. The third exon encodes the TLR 2
protein. The promoters for the human TLR 2 gene are found in front of the first exon of
this sequence (Haehnel et al, 2002; Musikacharoen, Matsuguchi et al, 2001). However,
the bovine TLR 2 sequence differs from the human sequence, with the entire bovine
gene consisting of only two exons (Haehnel et al. 2002; Chang et al. 2015). Assuming
that glucocorticoids affect TLR 2 expression by binding of the glucocorticoid receptor
(GR) to a glucocorticoid response element (GRE) within the promoter region of the TLR
2 gene, this sequence difference in the TLR 2 gene could result in a difference in the
binding of the GR to its GRE within the promoter region of bovine TLR 2, resulting in a
different response to glucocorticoid. Alternatively, suppression of TLR 2 expression in
response to glucocorticoids in bovine tracheal epithelial cells might occur as a proteinprotein interaction, independent of DNA transcription.
Hermoso (2004) confirmed previous findings of synergistic upregulation of TLR 2
in response to glucocorticoids and TNFa which lent further support to the hypothesis
that glucocorticoids regulate TLR 2 gene expression through protein-DNA interactions.
This group also identified various putative glucocorticoid and TNFa response elements.
Using deletion constructs of the human TLR 2 gene in a luciferase assay, transformed
human airways cells were treated with dexamethasone and TNFa. It was shown that
cells treated with 100 nM of dexamethasone for 16 hours showed no upregulation of
TLR 2. The duration of treatment, 16 hours, could have been extended to 24 hours
because dexamethasone treatments of cell cultures have been optimized to this length
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of time. As little as 297 bp 5’ upstream of the TLR 2 gene was shown to be sufficient for
upregulation in response to dexamethasone and TNFa. NF-kB- and GRE-binding sites
were found in the human TLR 2 promoter and both were shown to be necessary for
upregulation in response to dexamethasone and pro-inflammatory cytokine. The
interactions may differ in the bovine TLR 2 promoter region due to the difference in
gene structure. Thus, the proposed bovine GRE may act as either a negative or positive
response element, which should be tested using point mutations and deletions.

1.4 Characterization of TAP Gene Expression and Glucocorticoid
Interactions
Produced by epithelial cells that line the large airways (Hancock and Diamond
2000) TAP is one of the 18 completely identified bovine b-defensin genes (Meade et al.
2014). TAP contains 38 amino acids and is a cationic peptide and acts as an
antimicrobial substance through bacterial membrane pore formation leading to cell lysis
(Kagan et al. 1994).
NF-kB plays a role in TAP gene regulation in response to cytokine and
lipopolysaccharide (LPS) exposure. Using bovine tracheal epithelial cells and a variety
of agonists, including LPS, Pam3CSK4, and IL-17A, and using CAPE as an inhibitor of
IkBa phosphorylation, researchers demonstrated the necessity for NF-kB in
upregulation of TAP gene expression (Berghuis et al. 2014; Taha-Abdelaziz et al.
2016). CAPE was used as an resulting in the inactivation of NF-kB in targeted cells.
CAPE-treated cells exposed to LPS or Pam3CSK4 showed a lack of TAP gene
upregulation, indicating NF-kB activation as a necessary event in this particular innate
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immune response pathway. Interestingly, inactivated cells exposed to IL-17A still
showed significant increases in TAP protein expression. Translocation of NF-kB p65
from the cytoplasm to the nucleus was observed during exposure of cells to LPS,
Pam3CSK4, and IL-17A. Translocation was halted in cells that were additionally treated
with CAPE, resulting in either a decrease or cessation of upregulation of TAP gene
expression. The translocation of NF-kB into the nucleus complements the discovery of
an NF-kB binding site in the promoter region of the TAP gene (Mitchell et al. 2007). The
researchers found dexamethasone had no effect on the basal levels of TAP gene
expression, however when the cells were challenged with LPS, Pam3CSK4, or IL-17A,
an inhibition of TAP gene upregulation was observed. Because dexamethasone was
capable of inhibiting TAP gene upregulation not only in cells exposed to LPS but also
those treated with Pam3CSK4 (a TLR 2 agonist) or IL-17A (a pro-inflammatory
cytokine), this indicates that the effects of glucocorticoids on this specific innate immune
response is not restricted to TLR 4 activity but has a broader suppressive range (TahaAbdelaziz et al. 2016).
Human b-defensin-2 is similar in function to the bovine TAP protein is (Harder,
1997). For this reason, studies involving this protein can be used to infer potential
characteristics of the TAP gene and protein. Similar to the TAP protein, regulation of
hBD-2 mRNA expression involves NF-kB, MAP kinase, and TLR 2 (O’Neil et al. 1999).
Further, both the TAP and hBD-2 genes contain NF-kB and activating protein 2 motifs in
their proximal promoter regions (Liu et al. 1998; De Bosscher et al. 2000). Most
research shows a relationship between TAP mRNA production and activation of NF-kB;
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however, a study conducted by Witthöft et al., (2005) suggested hBD-2 expression is
independent of NF-kB activity, as tested using human colonic epithelial cells. NF-kB
was inhibited using gliotoxin, resulting in a decrease of IL-8 concentration in the
epithelial cells, but no inhibition of hBD-2. Dexamethasone exposure resulted in a
decrease in NF-kB activity but failed to inhibit hBD-2 mRNA expression. Exposure of
these cells to the pro-inflammatory mediators IL-1b and TNFa at the same time as
dexamethasone administration resulted in an increase in hBD-2 mRNA expression.
These results may indicate more than one pathway of activation for hBD-2 mRNA
expression, some of which are NF-kB-independent (Ganz 2003). Thus, the activation of
b-defensin in epithelial cells may be a redundant process, suggesting evolutionary
necessity.
A study conducted by Yang, Sang, Meade, & Ross, (2011), used an immortal cell
line derived from bovine mammary epithelial cells and stimulation of these cells with
phorbol 12-myristate 13-acetate (PMA) to research the transcriptional regulation of both
TAP and LAP genes. The researchers identified two enhancer regions in the TAP
promoter region, TAP-ER1 at -668 to -248 and TAP-ER2 at -347 to +1. Analysis of the
gene also revealed that the estrogen receptor in combination with the TATA box may
act in concert to maintain a basal level of TAP gene expression. TAP gene expression
may also be regulated through an Oct-1 element in the proximal promoter region. Using
an electrophoretic mobility shift assay (EMSA) on the minimal 61 bp promoter region of
the TAP gene, it was shown that Oct-1 acted as a transcription factor and was
functionally significant in regulating TAP expression in response to PMA stimulation in
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mammary epithelial cells. When LPS was used as a stimulant there was no activation of
the Oct-1 complex; however, there was still an activation of TAP gene expression. Thus,
the role of Oct-1 in the mammary epithelial cell response to PMA may be tissue- and
site-specific and may not be in the same for other agonists (eg. LPS) or other tissue
types (such as tracheal epithelium).
During bacterial infection TAP genes are upregulated by pro-inflammatory
mediators and bacterial constituents such as IL-1b, LPS, lipoteichoic acid, and muramyl
dipeptide (Hancock and Diamond 2000). In stressful conditions the upregulation of TAP
and LAP genes may be inhibited by direct interaction with glucocorticoid response
element in TAP promoter regions. Mitchell et al. (2007) showed the effects of
glucocorticoids on TAP and LAP gene expression, wherein cultured bovine tracheal
epithelial cells were used to show the effects of glucocorticoids on b-defensin mRNA
expression levels during LPS exposure. There was a significant inhibition of LPSinduced TAP mRNA expression when tracheal epithelial cells were exposed to
dexamethasone for 24 hours prior to LPS exposure. TAP protein levels were then
tested in cell lysates and found to decrease in response to glucocorticoid exposure,
concurrent with reduction in TAP mRNA expression levels. This study also found a
relative decrease in LAP protein expression in LPS-exposed, dexamethasone-treated
cells when compared to the LPS-exposed cells without dexamethasone. The
involvement of the glucocorticoid receptor in inhibiting upregulation of TAP mRNA was
tested using RU486. It was found that RU486 did not interfere with the LPS-induced
upregulation of TAP, but it did inhibit the effects of dexamethasone. These results
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suggest the glucocorticoid receptor regulates TAP gene expression in response to LPS.
The promoter region of the TAP gene was also analyzed, and an NF-kB binding site
was found upstream of the transcription start site, as well as a novel GRE.

1.5 The Effects of Glucocorticoids on the NF-kB Signaling Pathway
NF-kB is upregulated during the inflammatory response in lung epithelial cells
and is responsible for changes in gene transcription (Barnes and Adcock 1998). During
upregulation of NF-kB, the REL A/REL B subunit is released from bound IkB via
phosphorylation by IkB kinase (IKK), allowing the nuclear localization signal to direct the
heterodimer complex into the nucleus. The phosphorylation of IkB tags it for
degradation via protease activity. This is an important event in the cascade because it
means that IkB needs to be transcribed and translated into new protein before it can
suppress active NF-kB and return the cell back to homeostasis (Auphan, 1995).
It has been seen in a human T lymphocyte cell line (Jurkat cells) that the
presence of glucocorticoids can induce the transcription of IkB genes and subsequently
increase the cytoplasmic concentration of IkB protein. This response is seen in some
but not all cell types (Auphan, 1995).
The glucocorticoid receptor can exert suppressive effects on NF-kB by binding
directly to the REL A subunit of the heterodimer in COS-1 cells. This GR/NF-kB
interaction also results in the suppression of GR-mediated transactivation. This means
that when the GR is bound to NF-kB it is incapable of transactivating glucocorticoid
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responsive genes. It was also seen that an increase in IkB could counteract the
suppressive effect of NF-kB on the glucocorticoid receptor, allowing GRs to once again
trans-activate target genes (McKay and Cidlowski 1998).
Rosenfeld & Glass (2001) suggested that the activated GR binds various
transcriptional corepressor molecules that later associate with proteins known to have
histone deacetylase activity, leading to decreased gene expression via histone coiling.
Nissen & Yamamoto (2000) showed that NF-kB-induced phosphorylation of polymerase
II can be reduced by the GR. This interaction occurs downstream of NF-kB protein
binding to target DNA. Glucocorticoids may also be capable of suppressing
inflammatory gene activation by targeting downstream transcription factors (Adcock et
al. 2004).
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2 Rationale, Objectives, Hypothesis
Cattle experience significant levels of stress during weaning and transport to
feedlots. This high level of stress results in high levels of glucocorticoids in blood and
tissues. Stress is associated with increased susceptibility of cattle to bovine respiratory
disease, which can lead to death of cattle, and financial loss for cattle farms.
Glucocorticoids have a wide range of effects in vivo, including suppression of innate
immune defenses via many different modes of action. One defense that may be
suppressed is the synthesis of tracheal antimicrobial peptide (TAP), a β-defensin found
in cattle, that has a similar amino acid sequence to human b-defensin 2.
If TAP expression is suppressed in stressed cattle, this could result in increased
susceptibility to disease. To overcome this risk, we speculated that stimulating TAP
expression in calves would enhance immune defenses and potentially prevent disease.
In order to stimulate TAP expression to desired levels, the suppression caused by
stress would need to be overcome. To overcome suppression caused by stress, the
mechanisms by which glucocorticoids suppress TAP expression must be discovered.
This will also allow for a measurement of the efficiency of the immune stimulation, by
measuring TLR expression on tracheal epithelial cell surfaces.
The purpose of this research was to determine the mode of action by which
glucocorticoids exert their suppressive effects on the bovine immune system,
specifically focusing on the suppressive effects of glucocorticoids on tracheal
antimicrobial peptide expression in airway epithelial cells.
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2.1 Objectives of the Research
The objective of this research was to identify how glucocorticoids affect TAP
expression in tracheal epithelial cells. Proposed modes of action included (1) regulation
of TLR 2 protein on the surface of airway epithelial cells, (2) a direct effect on the
promoter region of TAP, and (3) regulation of IkB and IKK expression, subsequently
affecting NF-kB activity.

2.2 Hypothesis
Glucocorticoids impair the inducible upregulation of TAP gene expression in
cultured bovine tracheal epithelial cells (bTEC) by one or more of the following
mechanisms.
a. Dexamethasone treatment downregulates the cell-surface expression of TLR 2, with
or without stimulation, in bTEC.
b. Dexamethasone suppresses activity of the TAP promoter, in LPS- or Pam3CSK4stimulated bTEC, thereby suppressing TAP gene expression.
c. Dexamethasone increases IkB gene expression or decreases IKK expression leading
to a decrease in NF-kB-upregulated genes.
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3 Methods
3.1 Primary Cultures of Bovine Tracheal Epithelial Cells
All tracheas used for primary cell culture were obtained from a slaughterhouse
and placed in ice cold 0.01 M phosphate-buffered saline (PBS) (Sigma Aldrich, Oakville
ON), with 5 mL/L penicillin/ streptomycin solution (Sigma Aldrich, Oakville ON) and 0.5
mL/L amphotericin B (Thermofisher, Burlington ON) during transport and storage to
nourish cells and prevent microorganism growth.
On the first day of cell culture, 24-well plates were coated with bovine collagen
type I (155 µg/mL) (Thermofisher, Burlington ON). DMEM/F12 (Thermofisher, Burlington
ON ) medium was supplemented with 100 µL/mL fetal bovine serum (FBS)
(Thermofisher, Burlington ON), penicillin/streptomycin (1 µg/mL) (Thermofisher,
Burlington ON), insulin-transferrin-selenium-X (500 µg/mL)(Thermofisher, Burlington
ON) , epidermal growth factor (10 ng/mL) (Thermofisher, Burlington ON), amphotericin
B (250 µg/mL) (Thermofisher, Burlington ON), bovine pituitary extract (10 mg/mL)
(Thermofisher, Burlington ON), and gentamicin (50 µg/mL) (Thermofisher, Burlington
ON). In a sterile biological safety cabinet, tracheas were cut along the mid-sagittal axis
and again transversely to obtain a 5 cm by 8 cm tracheal specimen. The mucosal layer
was then removed using a sterile scalpel blade and forceps. The mucosa was rinsed in
PBS and placed in 40 mL of dispase II solution (1 mg/mL) (Thermofisher, Burlington
ON) at 4°C in a 50 mL centrifuge tube overnight, to detach epithelial cells.
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On the second day of culture, FBS was added to the tissue culture medium to
quench dispase II protease activity. Epithelial tissues were then scraped using a scalpel
blade and the resulting cell suspension was collected in a 50 mL centrifuge tube
(Thermo Fisher Scientific). Once all pieces of tissue were scraped, cells were washed
with a solution of PBS, gentamycin, amphotericin, and streptomycin/penicillin. Cells
were then centrifuged at 500 x g at room temperature for 10 minutes, and the
supernatant was discarded. The cell pellet was resuspended in 15 mL of sterile PBS
and the cell count and viability was determined using a hemocytometer and trypan blue
stain to identify dead cells. Culture medium was inoculated with 1x105 cells/mL and
plated in 24-well plates. After 24 hours cells were washed with PBS to remove dead
cells and debris. Fresh medium was replaced and continually replaced every 24-48
hours depending on treatments. Cells reached 65% confluency 2-3 days after plating
and 90% - 100% confluency 4-5 days after plating.
Cells appeared to adhere strongly to the collagen matrix in a monolayer. On the
third day, tight adhesion between cells was observed. If cells were left longer than 5
days, overcrowding occurred and sometimes developed a spindle-cell morphology.

3.2 TLR 2 Expression on Bovine Tracheal Epithelial Cells and
Alveolar Macrophages
Flow cytometry analysis was used to determine a change in TLR 2 expression on
the surface of tracheal epithelial cells in response to specific stimuli. Two different cell
types were used to validate the immunostaining assay: alveolar macrophages, which
are known to express TLR 2 on their surface in detectable amounts (Wagter17

Lesperance 2017), and bovine tracheal epithelial cells, which are the cells of interest in
this research.
3.2.1 Immunolabelling of BTEC
Bovine tracheal epithelial cells were cultured as outlined in section 3.1. Cells
were treated with 500 ng/mL of dexamethasone (Sigma Aldrich, Oakville, ON) at 65%
confluency and with lipopolysaccharide (0.1µg/mL) or Pam3CSK4 (1.0 µg/mL) the
following day. Cells were then harvested 16 hours after stimulation using 200 µL of
TrypLE (Life Technologies, Burlington ON) per well of a 24 well plate and incubated at
37°C for 20 minutes before they began dissociating. Cells from three wells were
combined into a single flow tube, giving 4 x105 cells/ tube. Cells were washed using
sterile PBS and labelled with 0.5 µL of undiluted Zombie NIR dye (423105, Biolegend)
to assess viability. After 15 minutes of incubation at 4°C, cells were washed again and
labelled with either 1 μL of undiluted antibody to TLR 2/CD282 (Bio-Rad, HCA151A647,
a human monoclonal Fc fusion protein conjugated to Alexa Flour 647), or with 1 μL of
undiluted TLR 2-negative isotype control (Bio-rad, HCA052A647) for 30 minutes at 4°C.
The cells were washed in PBS before analysis on the BD FACSCanto flow cytometer.
Bronchi were removed from the lung and bronchial epithelial cells were cultured
and labelled in the same way as described for tracheal epithelial cells. This allowed for
comparison of TLR 2 expression in different areas of the bovine airway.
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3.2.2 Immunolabelling of Alveolar Macrophages
Alveolar macrophages were obtained by bronchoalveolar lavage of three
different healthy Holstein heifers at the Livestock Research and Innovation Centre Dairy
Facility (LRICD, Elora Dairy Research Station). Collection of these samples was done
with approval from the University Guelph Animal Care Comittee (AUP #3286). Cells
were grown in a 48-well culture plate for 4-5 days using RPMI, heat-inactivated horse
serum, antibiotics, and antifungals. At 65% confluency, cells were treated with 500
ng/mL of dexamethasone (Sigma D4902). After 24 hours, cells were treated with 0.1
μg/mL of Pam3CSK4 and dexamethasone. The supernatant was removed at 16 hours
after stimulation with Pam3CSK4, and cells were detached using 100 μL of TrypLE (Life
Technologies, Burlington ON). Cells from six wells were combined into each flow tube,
giving approximately 4x105 cells/ tube. Cells were labelled using the immunolabelling
protocol described in section 2.3.2.
3.2.3 Optimization of Flow Cytometry Data
Zombie dye (BioLegend, San Diego) was used to detect live and dead cells. It
labels dead cells intracellularly resulting in a stronger fluorescence signal than live cells.
Zombie dye fluoresces at 633nm and the TLR 2/CD282 antibody fluoresces at 665nm.
Due to the close overlay in light emission, compensation was needed for cells that were
stained with both the dye and the antibody. To perform the compensation, macrophages
were stained singularly with either zombie dye, TLR 2, or the negative control.
Compensation was then calculated using FACSDiva software.
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3.2.4 Analysis of Flow Cytometry Results
Once an epithelial cell population was observed using a plot of forward and side
scatter (Figure3-1), unstained cells were used as a negative control for the live/dead
assay (Figure 3-2). Live/dead cells were observed using a scatter plot on FlowJo
software: live cells fluoresced with a lesser intensity than dead cells, allowing live cells
to be gated (Figure3-3). This gate was used to visualize either TLR 2 fluorescence or
the negative control in a histogram (Figure 3-4). The mean fluorescence intensity (MFI)
was measured for the negative (isotype-matched antibody) and positive (antibody to
TLR 2) for each treatment. The difference in MFI was then calculated giving the D MFI
for each treatment. The D MFI data were analyzed using Prism (Graph Pad, California).
As a positive control for TLR 2 expression, alveolar macrophages were prepared
as above and stained with zombie dye as well as either the TLR 2 antibody or the
negative control HuCal antibody. TLR 2 expression levels were compared in alveolar
macrophages and epithelial cells by analyzing the D MFI (Figure 3-5).
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Figure 3-1 Side scatter and forward scatter of bTEC analyzed using flow cytometry and FACS
DIVA software
Red and green areas indicate high density of debris and small particles. The polygonal region of interest
(ROI) is gated, containing cells of interest.

Figure 3-2 Fluorescence vs side-scatter properties of unlabelled bTEC, as a negative control for
the live/dead cell assay
The cross-bar is used to set the negative control, all live dead labelled cells are compared to this
threshold to indicate successful labelling.
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Figure 3-3 Fluorescence vs side-scatter properties of live bTEC stained with Zombie NIR dye
gated in the bottom right quadrant.
The live cells (contained within the polygon) fluoresce with less intensity than the cells furthest to the right
which are dead cells. Live cells were then gated in Q3 and further analyzed.

TLR 2
Negative
Control

Figure 3-4 Histogram of fluorescence of live bTEC culture labeled with the antibody to TLR 2 or
the negative control antibody (Alexafluor 647).
The red peak indicates cells labelled with TLR 2 antibody and the blue peak indicates cells labelled with
the negative control antibody.
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Unstained Alveolar Macrophages
Negative Alveolar Macrophages
TLR 2 Alveolar Macrophages
Negative Control bTEC
TLR 2 bTEC

Figure 3-5 Comparison of immunolabelling for TLR 2 in bovine alveolar macrophages and bTEC.
Bovine alveolar macrophages and bTEC were separately labelled with no antibody (Unstained), negative
control antibody (Negative; HCA052A647), or antibody to TLR 2 (TLR 2; HCA151A647) .

3.3 Functional Analysis of the TAP Promoter Region
To assess how the region upstream (5’) of the coding sequence of the TAP gene
influences TAP gene expression including its regulation by glucocorticoid, the promoter
region was cloned into a pGL4 reporter assay system and tested for functionality under
various conditions.
3.3.1 Isolation of Bovine DNA
Tissue samples were collected from fresh bovine tracheas acquired from a
slaughterhouse. Bovine DNA was isolated using an E.Z.N.A. Tissue DNA Kit (D339601, Omega) following the manufacturer’s protocol.

23

3.3.2 TAP Promoter Amplification
Two sets of primers were created to amplify segments 500 bp and 1000 bp upstream (5’) of the exon 1 start site of tracheal antimicrobial peptide to capture different
regions of the promoter. The nucleic acid sequence for the TAP gene including the
promoter was found in the NCBI database (GenBank: L13373.1). Primers were
developed using Geneious software and had added EcoRv and XhoI restriction sites
incorporated into the 3’ and 5’ ends respectively. To develop a construct containing
1500 bp upstream of the start site, a synthetic 500 bp additional fragment was added to
the 1000 bp construct within the pGL4 4.17 plasmid (Biobasic, Markham) (Figure 5-3).
The TAP promoter regions were amplified using PCR. Hotstar Master mix
(Qiagen, Germantown, MD, USA) was used for the reaction mixture in addition to 10 μM
of forward and reverse primer and 100 ng/µL of template DNA, giving a final
concentration of 0.4 μM primer and 20ng/µL template DNA. PCR amplicons were
purified using a PCR purification kit (Qiagen, Germantown, MD USA) to allow for better
efficiency of DNA digestion and ligation.
A 1500 bp construct was also synthesized with a complete deletion of a putative
glucocorticoid response element to test functionality of the putative GRE (Biobasic,
Markham, ON). The putative GRE spanning a total of 20 base pairs was removed from
1,109 bp to 1,089 bp upstream of the start site.
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3.3.3

Cloning into pGL4.17 Vector
pGL4.17 plasmid (Promega, Madison WI USA) was digested with EcoRV-HF

(BioLabs, Ipswich MA, USA) and XhoI (BioLabs, Ipswich MA, USA) and separated on a
1% agarose gel to isolate the linearized plasmid. For the plasmid digestion, 1 µg of
plasmid DNA was combined in a PCR reaction tube with 1 µL of XhoI, 1 µL of EcoRVHF, and 5 µL of CutSmart reaction buffer (BioLabs, Ipswich MA, USA) which allows for
100% activity of each enzyme in the reaction. Nuclease-free water was added to reach
a final reaction volume of 50 µL. The entire reaction was incubated at 37 °C overnight.
Each of the 500 bp and 1000 bp PCR amplicons was digested in the same way
as above. Ligation of linear pGL4.17 and 500 bp amplicon was completed using 2X
rapid ligation buffer (Promega, Madison WI USA). As per the manufacturer’s protocol, 5
µL of T4 DNA ligase reaction buffer was combined with 50 ng of linearized pGL4.17
plasmid and 150 ng of insert DNA. The T4 DNA ligase (1 μg) was then added to this
mixture followed by deionized water to give a final volume of 10 µL. The entire reaction
was kept at 4°C overnight.
To transform DH5a cells (Thermofisher, Burlington ON), the manufacturer’s
protocol was followed, with the exception of diluting the ligation reaction in 10 mM TrisHCL. Ligations reactions were used neat and 1 μl of reaction was added to DH5a cells,
providing approximately 20 ng of ligated plasmid DNA to competent cells. Luria agar
plates were supplemented with 100 µg/mL of ampicillin and coated with 40 µL of 20
μg/mL X-Gal (Promega, Madison WI USA). White colonies were selected the next day
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and cultured in broth. Colonies were also selected and added as the DNA source
directly to the PCR reaction as described in section 3.3.2. PCR amplicons were then
separated on a gel using a 1 kb ladder and bands coinciding with target insert size
indicated a positive insertion. Cultures that contained the correct inserts were stored in
a 50% glycerol stock at -80ºC.
To assess the quality of insertion, cultures containing correct 500 bp and 1000 bp
insertions into the pGL4.17 vector were grown in 50 mL of LB broth with 100 μg/mL
ampicillin. The plasmids were isolated using a plasmid miniprep kit (Thermofisher,
Burlington ON). Plasmids were then sent for sequencing (University of Guelph, Guelph
ON). The reports were analyzed using Geneious software to conduct an alignment to
the promoter region of the TAP reference gene (GenBank: L13373.1).
3.3.4 Transfection of BTEC with 4.17 Vector and 4.75 Vector
Transfection of cells occurred when cells were 50% confluent. X-fect polymer
(Takara Bio, Mountain View CA USA) was used as the transfection reagent and the
manufacturer’s protocol was followed. A titration of plasmid DNA concentrations was
conducted to determine the optimum concentration of reporter plasmid. A 200:1 and
400:1 ratio of pGL4.17 firefly luciferase to pGL4.75 Renilla luciferase (Promega,
Madison WI USA) was used as well as 2.5 µg, 5 µg, and 7.5 µg of plasmid DNA
(Table5:4).
Dexamethasone was added to the complete cell medium (see section 3.1) for 24
hours prior to exposure to stimulant. The medium was removed 24 hours later, cells
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were washed, and fresh medium, described previously, was added. Depending on the
experiment, dexamethasone, LPS or Pam3CSK4 were also to the medium for 16 hours
prior to harvesting the cells. A titration of dexamethasone, Pam3CSK4 and LPS was
conducted to determine the optimal concentration of each reagent. Dexamethasone
was tested in concentrations of 0, 25, 50, 500 and 1000 ng/mL. Pam3CSK4 was tested
in concentrations of 31.6, 100, 316, 1000 and 3160 ng/mL, and lipopolysaccharide was
tested in concentrations of 3.16, 31.6, 100, 316, 1000 ng/mL.
Two days following transfection, cells were harvested for the dual luciferase
assay, as this is when optimal luciferase protein expression occurs according to the
manufacturers guidelines.
3.3.5 Dual Luciferase Assay
A dual luciferase assay system (Promega, Madison WI USA) was used to
analyze firefly luciferase and Renilla luciferase luminescence in bTEC cultures. Medium
was removed from cell cultures and each well of a 24-well plate was washed with 500
µL of sterile PBS. The passive lysis buffer (PLB) included in the assay system was
prepared according the manufacturer’s protocol. For a 24 well plate, 100 µL of PLB was
added each well and left for 20 minutes at 37 °C. A fresh pipette tip was used to scrape
the bottom of each well to ensure lysis and homogenization of cell suspension. With the
exception of the titration experiments where each technical triplicate was read
individually and not pooled, each treatment was completed in technical triplicate and
samples were pooled into a single microcentrifuge tube for reading in the luminometer.
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Samples were then frozen at -20oC overnight to further ensure complete lysis. Samples
were pooled to reduce variation and increase throughput of biological replicates, with
the exception of initial titration experiments.
In order to measure luminescence of each protein, a multimode plate reader
(Enspire, Perkin-Elmer, Guelph ON) was used. The “Luminescence” protocol was
chosen, with the modification of a 3 second shake, followed by a 10 second read for
each well. Each microcentrifuge tube containing a sample was thawed from the freezer
and vortexed prior to adding 20 μL of LAR II solution to the 96 well plate. Samples were
analyzed individually due to the addition of the Stop and Glo reagent between reading
the firefly and the Renilla luminescence. This reagent deactivates the firefly luciferase
protein and activates the Renilla protein to ensure there was no cross signaling between
reads. Once the 20 µL of cell suspension was added to the well, 50 μL of LAR II,
provided by the assay system, was added. The plate was then placed in the reader and
the individual well was read for firefly luminescence. The relative luminescence was
recorded, and the plate was removed from the machine in order to add 50 µL of the
Stop and Glo reagent. Luminescence of Renilla was then read using the same protocol
as the firefly protein.
To normalize luciferase data, cells transfected with empty pGL4.17 vector and
pGL4.75 were used. This allowed for proper analysis of cells that have taken up both
plasmids in a 1:1 ratio. The Renilla reading was divided by the empty pGL4.17 firefly
reading, and the ratios given by the experimental samples were then multiplied by this
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constant to give a normalized ratio. Each biological replicate had its own set of
normalizing cells. A sample equation is shown in the Appendix, Equation 1.

3.4 Effects of Dexamethasone and Stimulant on Expression of
Canonical NF-κB Pathway-Related Genes
When bTEC cultures were 65% confluent, they were treated with 500 ng/mL of
dexamethasone (Sigma D4902), 0.1 μg/mL lipopolysaccharide (LPS) from
Pseudomonas aeruginosa (Sigma L9143), or a combination of both. Dexamethasone
was added for 24 hours, then LPS was added for an additional 16 h. Cell morphology
was examined daily. After treatment, cells typically reached 95% confluency and were
harvested for RNA isolation.
3.4.1 RNA Isolation from Cultured Cells
Growth medium was removed from the cells, and cells were washed with sterile
PBS. RNA was isolated from bTEC using an RNeasy Kit (Qiagen) following the
manufacturer’s instructions, with addition of b-mercaptoethanol to the RNA isolation
lysis buffer solution to improve yield. Any samples that were not immediately processed
were frozen at -80°C for future processing. Stock DNase (10 μL, Quiagen, Cat No./ID:
79254) was added to each sample in addition to the required RDD buffer. The final RNA
concentration was measured using a Nanodrop 2000 spectrophotometer, the A260/230
ratio was approximately 2 for RNA samples. RNA was stored at -80oC.
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3.4.2 cDNA Synthesis
cDNA was synthesized from RNA using Superscript III (Invitrogen, Cat No.
18080-051), sterile RNase-free water, dTs (50uM), and dNTPs in a sterile
RNase/DNase Free PCR tube. RNA was diluted to 20 ng/µL and 10 μL of RNA was
added to the PCR master mix 1 (See Table 5:1). The reaction was then heated to 65°C
for 5 minutes using a thermocycler. After incubation, 5x first strand buffer, 0.1 M DTT,1
μL RNase OUT, and SuperScript III (Master Mix 2, see Table 5:2) was added to the
PCR reaction. The reaction was then heated to 50 °C for 1 hour and 70 °C for 15
minutes. Ribonuclease H (0.5 μL, Invitrogen Cat No. 18021014) was then added to the
reaction tube to prevent RNA contamination, and the reaction was incubated at 37°C for
20 minutes. cDNA was stored at -80°C until further use.
3.4.3 Reverse Transcription Quantitative PCR
Primers were designed using Geneious software (Biomatters Ltd.) to match
mRNA coding regions of target genes. The target genes were RELB, which encodes the
REL B protein in the nuclear factor kappa-B (NF-kB) family; NFKBIB, which encodes
inhibitor of kappa-B (IkB); IKBKB, which encodes IkB kinase (IKK); and TAP which
encodes tracheal antimicrobial peptide. The product sizes ranged from 100 bp to 300 bp
and matched protein-coding sections of the genes. Primers and reaction efficiencies are
listed in Table 3:1. To ensure specificity of the PCR reaction, a negative control was
included, this consisted of samples containing no template cDNA, and PCR amplicons
were isolated in an 1% agarose gel with SYBR Safe (Invitrogen) to visualize DNA,
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including a 1 kb ladder to measure band size. Appropriately sized amplicons were then
cut from the gel, purified using a Gel Purification Kit (Qiagen), and sequenced.
Table 3:1 Primer Sequences and Efficiency for Analysis of Canonical NF-κB Pathway-Related
Gene Expression.
Gene

Type

Forward Sequence

Reverse Sequence

Efficienc
y
90%

Product
Size
200

IKkb
(IKBKB)

Experimental

ACTCGGACCC
CACTGTCTAT

CTCCAACCAA
ACTTGCCTGC

REL A
(RELA)

Experimental

GAAGAGCTGG
CAGAGACCTC

GCAGTGGGTT
AGCAAGGGAT

95%

500

IkB
(NFKBIA)

Experimental

GACATCAGCC
CCACACTTCA

TTCTAGGCCA
CACGTGTCTG

90%

100

TAP

Experimental

TCTTCCTGGT
CTGTCTGCT
TGACTTCACACGCCA
TAATGGT
GGCGTGAACCAC
GAGAAGTATAA

GCTGTGTCTT
GGCCTTCTTT
CATCATCAAATTTCT
CGCCATAGA
CCCTCCACGA
TGCCAAAGT

85%

183

PPIA

Reference

90%

62

GAPDH

Reference

78%

120

RT-qPCR was performed using a Light Cycler 480 Instrument II (Life ScienceRoche, Cat No. 05015278001) and Light Cycler DNA Master Mix SYBR Green I (Life
Science- Roche, Cat No. 04707516001). The master mix consisted of 0.5 µL of 10 µM
forward and reverse primers, 7 µL of PCR grade water, 10 µL of the SYBR green
master mix, and 2 µL of sample cDNA. Once the 96-well plates were loaded with PCR
mix, in technical duplicate, they were centrifuged at 1500 x g for 5 minutes with a plastic
adhesive slip. Plates were then loaded into the LC480 instrument and analyzed (Table
5:3). Output data was analyzed using Light Cycler 480 software.
A calibrator was used to compare treatments between plates and consisted of
cDNA prepared from a bTEC culture that was treated with 0.1 μg/mL LPS. The
efficiency of each primer set was calculated using LC480 software and standard curves
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with serial dilutions of calibrator cDNA. The crossing points for each sample were
calculated using advanced relative quantification and normalized using two reference
genes. The GAPDH and PPIA genes were chosen as reference genes for their
consistent expression between treatment types. The same calibrator source was run
with each experimental gene and each reference gene on every plate. This allowed
comparison between plates containing different biological replicates.

3.5 Statistical Analysis
3.5.1 Analysis of Flow Cytometry Data
The median fluorescence intensity (MFI) of each sample was calculated using
(FlowJo LLC, Ashland, Ore). The negative control MFI was subtracted from the TLR 2
MFI for each treatment. These values were then analyzed in SPSS 25 software (IBM
Corp, Armonk, NY) and GraphPad Prism (GraphPad Software, La Jolla California USA).
If the data were normally distributed based on a Shapiro-Wilk test, an independent t-test
or a two-way ANOVA was used followed by a Tukey test depending on the complexity
of the variable being tested. If the data were not normally distributed, it was transformed
using a log or natural log transformation and re-tested for normality.
3.5.2 Analysis of Luciferase Data
SPSS 25 software (IBM Corp, Armonk, NY) and GraphPad Prism (GraphPad
Software, La Jolla California USA) were used to analyze luminescence data. A ShapiroWilk test was used to determine normality of variables. To determine if there was a
significant difference of luminescence between treatments a 2-way ANOVA was used
followed by a post-hoc Tukey test. If the data were not normally distributed, it was
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transformed using a log or natural log transformation and re-tested for normality.
Outliers were identified using a box and whisker plot analysis.
3.5.3 Analysis of RT-qPCR Data
Using SPSS 25 software (IBM Corp, Armonk, NY) the IkB, IKK, REL A, and TAP
data sets were analyzed for normality in all variables using a Shapiro-Wilk test. For the
normalized variables, a one-way ANOVA was used to analyze means followed by a
Tukey post hoc test to determine significance between groups. If the data were not
normally distributed, they were transformed using a log or natural log transformation
and re-tested for normality. Outliers were identified using a box and whisker plot
analysis.
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4 Results
4.1 TLR 2 Expression on Bovine Tracheal Epithelial Cells and
Alveolar Macrophages
To address the hypothesis that dexamethasone suppresses TAP gene expression
in bTEC via downregulation of surface TLR, a flow cytometry assay was conducted to
measure the presence of TLR 2 on the surface of target cells.
4.1.1 Validation of the Assay on Bovine Alveolar Macrophages
To determine if the antibody to TLR 2 was capable of detecting TLR 2 on the
surface of bovine cells, the antibody was used on alveolar macrophages collected from
three different calves. Alveolar macrophages were chosen as a positive control as these
are known to express TLR 2 on their surface (Kwong et al. 2011).
The cells labeled with the antibody to TLR 2 had greater fluorescence intensity
than the cells labeled with the negative control antibody or the unlabeled cells (Figure 41). Combining the alveolar macrophage data from three calves (Figure 4-2), the data
were found to be normally distributed (Shapiro-Wilks test), and a Student’s t test
showed a significant difference between the negative control fluorescence signal and
the TLR 2 fluorescence signal (p=0.034). This indicates a positive labelling of resting
alveolar macrophages with the antibody to TLR 2 (n=3).
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Unlabeled
Negative
TLR 2

Figure 4-1 Labelling of untreated bovine alveolar macrophages from one calf with an antibody
against TLR 2 and a negative control antibody using flow cytometry
Unstimulated alveolar macrophages collected from one calf were incubated with no antibody (Unlabeled),
with a negative control HuCAL antibody missing the Fab region (Negative), or with a HuCAL antibody
against TLR 2 (TLR 2). The data show the intensity of fluorescence (x-axis) vs the number of cells (yaxis). (n=1)
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Figure 4-2 Labelling of untreated bovine alveolar macrophages from three calves with an antibody
against TLR 2 and a negative control antibody using flow cytometry
Unstimulated alveolar macrophages collected from 3 different calves (n=3) were labeled in the same way
as indicated in Figure 4-1. The boxes indicate the mean ± SEM of the median fluorescence intensity (MFI)
for cells from each calf, and the data points indicate individual MFI values for each calf.

To determine if the TLR 2 antibody detects differences in cell-surface expression
of TLR 2, alveolar macrophages were treated with Pam3CSK4 for 16 hours. As in the
previous study, the antibody to TLR 2 labelled alveolar macrophages resulting in higher
fluorescence intensity compared to unlabeled cells or cells labeled with the negative
control antibody (Figure 4-3). However, there was no effect of prior stimulation with
Pam3CSK4 on the fluorescence intensity of alveolar macrophages when labelled with
the antibody to TLR 2. This indicates that 1.0 µg/mL Pam3CSK4 did not affect the level
of TLR 2 expression on alveolar macrophages from this calf after 16 hours of
stimulation.
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These measures were repeated in three additional calves (Figure 4-4). The data
were found to be normally distributed (Shapiro-Wilk test, p<0.5) across both treatments.
There was a significant difference in median fluorescence intensity between cells
labelled with the control and TLR 2 antibodies (p=0.01, 2-way ANOVA, Tukey post-test),
confirming that the TLR antibody labels a protein on these cells. There was no
significant difference in the median fluorescence intensities of stimulated and
unstimulated cells (p=0.26, 2-way ANOVA), indicating that Pam3CSK4 did not affect
surface expression of TLR 2 in alveolar macrophages.

Unlabeled
Negative Untreated
TLR 2 Untreated
Negative Pam3CSK4
TLR 2 Pam3CSK4

Figure 4-3 Flow cytometry for measurement of TLR 2 on unstimulated and Pam3CSK4-stimulated
alveolar macrophages from one calf
Unstimulated alveolar macrophages from one calf were unstimulated (Untreated) or stimulated with 1.0
µg/mL of Pam3CSK4 (Pam3CSK4). The cells were incubated in the absence of antibody (Unlabeled),
with the negative control antibody (Negative), or with the antibody to TLR 2 (TLR 2) then analyzed by flow
cytometry. The data show the intensity of fluorescence (x-axis) vs the number of cells (y-axis).
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Figure 4-4 Flow cytometry for measurement of TLR 2 on unstimulated and Pam3CSK4-stimulated
alveolar macrophages from three calves
Alveolar macrophages from three calves (n=3) were unstimulated or were stimulated with 1.0 µg/mL of
Pam3CSK4. TLR 2 expression was measured in the same way as indicated in Figure 4-3. Unstimulated
and stimulated cells were compared for changes in expression. The horizontal lines show the mean ±
SEM of the median fluorescence intensity (MFI) for cells from each calf, and the data points indicate
individual MFI values for each calf.

To determine if dexamethasone suppresses basal levels of TLR 2 expression in
alveolar macrophages, or if dexamethasone in combination with Pam3CSK4 results in a
change in TLR 2 expression, tracheal cells harvested from three different animals were
treated for 24 hours with 500 ng/mL of dexamethasone and an additional 16-hour
treatment with Pam3CSK4 (and appropriate controls, as shown in Figure 4-5). The data
were found to be normally distributed (Shapiro-Wilk test, p<0.05). There was no
significant difference of the means among the different treatments (p= 0.13, 2-way
ANOVA; Figure 4-5). There was no significant difference between tracheas in their
response to treatments (p=0.27). Raw data for all alveolar macrophage experiments are
shown in Appendix B, Table 5:7.
38

Figure 4-5 Flow cytometry for measurement of TLR 2 in dexamethasone-treated and/or
Pam3CSK4-treated alveolar macrophages
Alveolar macrophages from three calves (n=3) were prepared in culture. The cells were unstimulated,
treated with 500 ng/mL of dexamethasone (Dex), treated with 1.0 µg/mL of Pam3CSK4, or treated with
both dexamethasone and Pam3CSK4. Cells were harvested 40 hours after the start of dexamethasone
exposure and 16 hours after the start of Pam3CSK4 exposure, and TLR 2 cell-surface expression was
measured by flow cytometry using a negative control antibody (blue) and TLR 2 antibody (red).The data
show the mean ± SEM of the median fluorescence intensity (MFI) for cells from each calf.

4.1.2 Expression of TLR 2 on Unstimulated Bovine Tracheal Epithelial Cells
To determine if the HuCAL TLR 2 antibody is capable of labelling TLR 2
expressed on the surface of epithelial cells, cells were assayed using the same protocol
as for the alveolar macrophages. Epithelial cells were cultured from three different
animals (n=3). Epithelial cells were gated as a uniform distribution as seen in Figure 46. Once cells of interest were gated, the live/dead cells were visualized using the NIR
Zombie dye assay. Live cells were gated for further analysis. The live/dead scatter plot
is shown in Figure 4-7.
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Figure 4-6 Forward scatter and side scatter characteristics of bTEC in cell culture
Unstimulated bTEC from one calf were treated with TrypLE to detach them from the culture dish. The
region of interest (ROI) was gated. The red/green area in the lower right, indicates a high density of
material and was omitted from the gate, as these are too small and not internally complex enough to
represent intact cells; these were considered to represent small particles and debris. The cells within the
gate were considered to be epithelial cells due to their large size and internal complexity as assessed by
FSC and SSC, as well as their cell morphology in culture.
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a.

b.

Figure 4-7 Flow cytometric live/dead assay of bTEC using NIR zombie dye
The bTEC from one calf were grown in cell culture for 5 days. Unlabeled bTEC and bTEC labeled with
NIR Zombie dye were gated based on forward and side scatter as shown in Figure 4-6. a) Unlabeled cells
were used as a negative control for the bTEC live/dead assay. b) Labeled cells were found in the lower
right quadrant (Q3), and were considered to be positively labeled. The live cells fluoresced at a lower
intensity than dead cells. Live bTEC were gated as shown and subsequently were used to assess TLR 2
fluorescence. The data show the fluorescence (x-axis) vs the side scatter (SSC-A, y-axis).

Once the above gating strategy was developed to distinguish live cells from dead cells
and debris, the same gates were used to compare unlabeled bTEC to bTEC labeled
with the TLR 2 or negative control antibodies. Neither the negative control antibody nor
the TLR 2 antibody labeled bTEC, whereas labeling was observed in macrophages
treated with the TLR 2 antibody (used as a positive control) (Figure 4-8). The mean
fluorescence intensity data from 3 different animals (Table 5:5) were normally
distributed (Shapiro-Wilk test, p> 0.05) for all variables. There was no significant
difference between unlabeled bTEC and bTEC labeled with the negative control
antibody or the TLR 2 antibody (p=0.13, 2-way ANOVA).
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Unlabeled MACs
Negative Control MACs
TLR 2 MACs
Unlabeled bTEC
TLR 2 bTEC
Negative bTEC

Figure 4-8 TLR 2 and negative control fluorescence in bTEC and alveolar macrophage cultures
using flow cytometry
bTEC were grown in cell culture for 5 days. The figure shows compiled fluorescence histograms of
unstimulated bTEC and unstimulated macrophages (MACs) are used as a positive control, with either no
antibody (Unlabeled), the negative control antibody, or the TLR 2 antibody. The data show the intensity of
fluorescence (x-axis) vs the number of cells (y-axis).

Figure 4-9 Flow cytometric labeling for TLR 2 using bTEC from 3 calves
bTEC from three calves were grown in cell culture for 5 days, then labelled with no antibody (Unlabeled)
or with the negative control HuCAL antibody, or the TLR 2 antibody. The mean fluorescence intensity for
labeled bTEC in comparison with unlabeled bTEC (n=3). The boxes indicate the mean ± SEM of the
median fluorescence intensity (MFI) for cells from each calf, and the data points indicate individual MFI
values for each calf.
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4.1.3 Time Trial to Determine Presence of TLR 2 Expression on bTEC
To determine if there was a time frame in which TLR 2 expression could be
detected, a time trial was conducted. Time points of 8 hours, 12 hours, and 16 hours in
culture were tested, using bTEC from 3 calves. Time 0 was considered 3 days after
culture when cells were 50% confluent. The data for all variables was found to be
normally distributed (p>0.05, Shapiro-Wilk test). For both the unstimulated bTEC (Figure
4-10) and the Pam3CSK4-stimulated bTEC (Figure 4-11), there were no significant
differences in fluorescence intensity between the negative control antibody and the TLR
2 antibody across all time points (p =0.96 and 0.23 respectively, 2-way ANOVA). When
the data were analyzed as DMFI (the difference in intensity of cells labelled with the TLR
2 antibody or the negative control antibody), the data were seen to be normally
distributed (p>0.05, Shapiro-Wilk test). There was no significant difference in DMFI
between unstimulated and stimulated cells (p=0.19, 2-way ANOVA) (Figure 4-12). The
raw data are shown in Figure 5-6 and Table 5:6 (Appendix B).
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Figure 4-10 Expression of TLR 2 in unstimulated bTEC at various times in culture
The bTEC from 3 calves were grown in culture. Time= 0 hours was considered as 3 days after starting
the culture, when cells were approximately 50% confluent. At 8 (65% confluency), 12 (80% confluency)
and 16 (95 % confluency) hours, bTEC were harvested and labelled with either the TLR 2 antibody or the
negative control HuCAL antibody. Bovine alveolar macrophages are shown as a positive control. MFI:
median fluorescence intensity.

Figure 4-11 Expression of TLR 2 in Pam3CSK4-stimulated bTEC at various times in culture
bTEC from 3 calves were prepared as described for Figure 4-10 but were treated with 1.0 µg/mL of
Pam3CSK4 for 8, 12, and 16 hours prior to labelling for flow cytometry.
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Figure 4-12 Expression of TLR 2 in unstimulated and Pam3CSK4-stimulated bTEC at various times
in culture
This figure shows the combined data from Figures 4-10 and 4-11. The DMFI on the y-axis is the
fluorescence intensity of cells labelled with the TLR 2 antibody minus that of cells labelled with the
negative control antibody.

4.1.4 Expression of TLR 2 on Bronchial vs Tracheal Epithelial Cells
To determine if there was TLR 2 expression in the lower bovine airway, bronchial
epithelial cells were compared to bTEC in four animals. The effect of LPS and of
dexamethasone was also examined (Figure 4-14). The data were found to be normally
distributed across all variables (p>0.05, Shapiro-Wilks test). A 2-way ANOVA showed
there was no significant difference in median fluorescence intensities of cells labelled
with the negative control HuCAL antibody and the TLR 2 antibody for any of the
treatments, for either bTEC (p=0.23) or bronchial epithelial cells (p=0.06, 2-way
ANOVA). The MFI values for each sample are shown in Table 5:8 in Appendix B.
Similarly, the DMFI data (difference in labeling between the TLR 2 antibody and the
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negative control antibody) was not significantly different between bronchial cells and
bTEC across all treatments (p=0.55, 2-way ANOVA).

Figure 4-13 Expression of TLR 2 in bovine tracheal and bronchial epithelial cells
Cells harvested from the bronchi and trachea of four animals were prepared in culture. Cells were treated
with or without 500 ng/mL of dexamethasone (Dex) for 24 hours, and then exposed to 0.1µg/mL LPS or
no LPS for an additional 16 hours. The cells were labelled with the negative control antibody (NC) or with
the TLR 2 antibody (TLR 2).
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Figure 4-14 The DMFI values for labelling of TLR 2 on bovine tracheal and bronchial epithelial cells
across various treatments
This figure shows the DMFI data from the same flow cytometry analysis given in Figure 4-13. The data
points with a negative DMFI represent a higher MFI for the negative control antibody than the TLR 2
antibody.

4.2 Functional Analysis of the TAP Promoter Region
The promoter region of the TAP gene was analyzed using a pGL4.17 reporter
assay. Three fragments (0.5, 1.0 and 1.5 kb) upstream of the start site of the TAP gene
(with or without deletion of a putative GRE sequence) were cloned into a pGL4.17
plasmid, upstream of the firefly luciferase gene. The pGL4.75 plasmid containing the
Renilla luciferase gene (constitutively activated by the CMV promoter) was used to
control for transfection efficiency. Luminescence of the transfected cells was measured
to separately estimate the activity of the firefly and Renilla luciferase genes. This system
was used to evaluate differences in activity of the TAP promoter region among cells
from different animals, the relative activities of the different promoter sequences, and
the effect of glucocorticoid (dexamethasone) and inflammatory stimulus (Pam3CSK4)
on activity of the promoter.
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4.2.1 Isolation of Target Bovine DNA
The TAP promoter region was isolated from tracheal samples of five different
calves on five different days. Primers were designed to amplify the sequence 500 bp
upstream of the TAP start site. When analyzed on an agarose gel, the PCR amplicons
for each trachea contained a single appropriately sized band (Figure 4-15). All
amplicons were sequenced, and the sequence data are shown in Figure 5-5 and Figure
5-8. The pairwise identity between all five sequences and the reference gene was
99.3%. There were 8 single nucleotide polymorphisms (SNPs) identified in the samples.

Figure 4-15 Agarose gel containing amplicons of a 500 bp region of the bovine TAP gene from 5
different bovine tracheas.
The agarose gel shows the genomic isolation of 500 bp of the TAP promoter region. The DNA was
isolated directly from fresh tracheal tissue. PCR amplification was initially unsuccessful for trachea 3 but
was successful on a second DNA sample from the same tissue (data not shown).
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Approximately 1000 bp sequence upstream of the TAP start site was similarly
amplified using PCR techniques. The amplified DNA was purified and sequenced. The
pairwise identity between all five samples and the reference gene was 98.7% with 10
SNPs (Figure 4-16, and Appendix C, Figure 5-9) These results indicate successful
isolation of the TAP promoter from five different genomic sources in two different
lengths, 500 bp and 1000 bp.

Figure 4-16. Sequence alignment of the 1 kb TAP promoter region from 5 bovine tracheas (T1-T5)
and the reference gene
The sequence alignment was performed using Geneious software. The 5 isolated sequences were
aligned with the bovine TAP promoter region available on the NCBI database (GenBank: L13373.1). The
purple arrow indicates the start of exon 1 and the transcription start site for the TAP gene.

4.2.2 Cloning of the TAP Promoter into PGL4.17 plasmid
The 500 bp and 1000 bp amplicons were inserted into a promoter-less pGL4.17
reporter vector via restriction digest and ligation and cloned using competent cells.
Trachea 1 was selected as the DNA source to clone due to its closest similarity to the
reference gene. Restriction digestion was used to confirm correct insertion and cloning
of the promoter region into the pGL4.17 plasmid (Figure 4-17).
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Ladder

Figure 4-17 Restriction digest of the 1 kb TAP insert in pGL4.17 plasmid
The faint bands measuring 1000 bp on the 1 kb ladder indicate release of the inserted DNA from the
constructed 4.17 plasmid containing the promoter region isolated from trachea 1. The larger bands
indicate linear pGL4.17 plasmid that was cut by the restriction enzymes.

The correct orientation of gene insertion was confirmed by DNA sequencing.
Using Geneious software, sequences were aligned to the TAP reference gene copied
into the pGL4.17 data file as the template DNA (Figure 4-18).
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a.

b.

Figure 4-18 Visual representation (Geneious Software) of 500 bp and 1 kb TAP insert aligned to
the pGL4.17 schematic
The green arrow represents the correct gene direction in the edited 4.17 reporter plasmid, the two bottom
genes are the forward and reverse sequence of 500 bp (a) and 1 kb (b) DNA from the restriction digest.
The purple arrows indicate the promoter gene was correctly inserted in the correct orientation, 5’ to the
Luc2P reporter gene.

Cloning of a 1.5 kb promoter region for the TAP gene proved to be more difficult
than anticipated, so an additional 500 bp sequence was synthesized and added to the 1
kb construct that was previously created (BioBasic, Markham ON), effectively
elongating the promoter region further upstream.
Using Geneious software a transcription factor search was performed for any
glucocorticoid response elements within the isolated promoter region. Approximately 6
targets were found. However, cross referencing potential targets with known

51

characteristics of negative GREs, there was one region 1.5 kb upstream that most
closely resembled a putative GRE (Dostert , 2004; Sakai, 1988).

Figure 4-19. Visualization (Geneious Software) of synthetic T1 1.5kb pGL4.17 reporter plasmid.
The lime green arrow represents the already cloned 1 kb promoter region and the dark green arrow
represents the additional 400 bp synthesized sequence that was added into the plasmid (BioBasic,
Markham ON). The purple arrow called “GRE putative” is a putative glucocorticoid response element.

To test the function of the putative GRE, a mutated construct containing a
deletion of the entire GRE (19 bp) was also synthesized (BioBasic, Markham ON)
(Figure 4-20).
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T1-1.5kb pGL4.17 TAP Promoter
T1-1.5kb pGL4.17 TAP Promoter Deletion Mutation

Figure 4-20. Visualization (Geneious Software) of site-directed mutagenesis of the glucocorticoid
response element
The purple arrow shows the GRE region present in the 1.5 kb TAP promoter. The second line of DNA
shows the deletion of the GRE from the mutated 1.5 kb TAP promoter construct.

4.2.3 PGL4.17 and PGL4.75 Dual Luciferase Reporter Assay
Transfection of Human BAES-2B Cells
To determine if the 1 kb fragment (upstream of the start site in the TAP gene)
was a functioning promoter, the human airway epithelial cell line BAES-2B was
transfected with the previously described pGL4.17 construct containing the 1 kb TAP
sequence upstream of the firefly luciferase gene. The construct was compared to a 4.17
plasmid with no promoter region (i.e. an empty 4.17 plasmid). To control for transfection
efficiency, these cells were co-transfected with the pGL4.75 plasmid containing a CMV
promoter upstream of the Renilla luciferase gene.
The luminescence data were transformed using a natural logarithmic equation
[Y=ln(y)] (Table 5:9, Appendix C). The ln-transformed data were normally distributed for
all variables, based on a D'Agostino & Pearson normality test (p>0.05). The
luminescence of the firefly luciferase from the 1 kb construct was significantly greater
than the luminescence of the Renilla luciferase (p<0.01, 2-way ANOVA). There was
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also a significant difference between the luminescence of the empty vector firefly and
the firefly vector containing the 1 kb promoter region (p<0.01).
Table 4:1 The Luminescence Values of Firefly and Renilla in Transfected Untreated BAES-2B Cells

Trial 1

Trial 2

Trial 3

Empty Vector
Firefly
Renilla
274
3108
320
3501
751
1491
747
5098
277
1072
263
472
258
476
250
219
209
896
319
665
526
854
317
766

1 kb 4.17 Construct
Firefly
217106
323092
432643
215676
83012
13842
58965
70309
306707
245427
418110
751429

Renilla
92670
99834
138620
82517
1132
514
1612
1728
7123
6502
11272
14994
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Transfection of bTEC
To determine if the primary bTEC were capable of being transfected, untreated
cells were treated with various amounts of primary plasmid (4.17) and secondary control
plasmid (4.75). Table 4:2 shows the luminescence values for each reporter vector at
two firefly:Renilla ratios and for various amounts of experimental plasmid.
The bTEC transfected with the experimental construct produced a luminescence
signal (Figure 4-22). To determine which ratio of firefly to Renilla plasmids worked best
for transfection, the normalized data were considered (Table 4:3). Data were normalized
to the empty vector (EV 4.17) plasmid as this represents the lowest possible
luminescence of the construct in this experiment.
Table 4-2 The Luminescence Values for Firefly and Renilla Luciferase in an Experiment to
Optimize Transfection

2.5 µg EV 4.17
2.5 µg TAPp4.17
5 µg TAPp4.17
7.5 µg TAPp4.17
2.5 µg EV 4.17
2.5 µg TAPp4.17
5 µg TAPp4.17
7.5 µg TAPp4.17

200:1 Firefly to Renilla
firefly
220
232390
408070
498750
400:1 Firefly to Renilla
250
19140
28860
113,140
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Renilla
1390
16620
21060
29970
540
650
600
1360

a.

b.

Figure 4-22 Luminescence of Firefly and Renilla luciferase in bTEC transfected with different
amounts and ratios of plasmid
Graphical representation of the data in Table 4:2. The 200:1 (a) and 400:1 (b) ratio of firefly to Renilla
luciferase in bTEC across various amounts of experimental plasmid. For exact plasmid volumes, see
Table 5:4, in Appendix A. (n=1)
Table 4:3 Ratio and normalized luminescence data in bTEC transfected with different amounts and
ratios of plasmids

2.5 µg EV 4.17
2.5 µg TAPp4.17
5 µg TAPp4.17
7.5 µg TAPp4.17
2.5 µg EV 4.17
2.5 µg TAPp4.17
5 µg TAPp4.17
7.5 µg TAPp4.17

Firefly:Renilla
200:1
0.158
13.983
19.377
16.642
400:1
0.463
29.446
48.100
83.191
56

Normalized Fold Change
1.000
88.344
122.425
105.145
1.000
63.604
103.896
179.692

Figure 4-23 Optimization of TAPp4.17 transfection into bTEC
Graphical representation of the data in Table 4:3. Normalized data from Table 4:3 are represented in a
graphical form. The 200:1 and 400:1 ratios of firefly:Renilla plasmids in bTEC are compared. The blue
bars represent the empty vector luminescence, the red, green, and purple bars represent the cells
transfected with 2.5 µg, 5 µg, and 7.5 µg of experimental plasmid respectively (n=1).

The 200:1 transfection ratio of experimental (firefly) plasmid to control (Renilla)
plasmid produced a greater measurable luminescence signal (Figure 4-22). However, if
the ratio and normalized values are considered (Figure 4-23), the lower transfection
ratio of 400:1 actually provides greater sensitivity to changes in plasmid DNA
concentration. For this reason, the 400:1 ratio assay has greater sensitivity and was
chosen as the protocol to use for further experimentation. The amount of plasmid DNA
chosen to transfect cells was 5 µg of experimental plasmid to 12.5 ng of control plasmid,
because this amount of DNA provided a strong signal and would allow for conservation
of harvested plasmid DNA.
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Dual Transfection of Untreated bTEC with Experimental and Control
Plasmids
To determine if the transfection of primary bTEC cultures produced consistent
results, cells from multiple animals were transfected on different days. Table 4:4 shows
the averaged luminescence ratios for the technical replicates of each parameter, and
the individual luminescence values are shown in Table 5:10, Appendix C. The empty
vector (EV 4.17) was used to normalize the data for this experiment because it
represented the lowest possible luminescence ratio in bTEC.
Table 4:4 Ratio and Normalized Luminescence Data from Transfected Untreated bTEC Cultures
(n=4)

Calf 1
Calf 2
Calf 3
Calf 4

EV 4.17
Construct
EV 4.17
Construct
EV 4.17
Construct
EV 4.17
Construct

firefly:Renilla
0.568
32.295
0.722
22.176
1.058
31.026
0.852
34.252
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Normalized Fold Change
1.000
56.847
1.000
30.722
1.000
21.316
1.000
40.201

Figure 4-24 Normalized fold change in activity of transfected untreated bTEC.
Graphical representation of the data in Table 4-4. Cells were transfected with either the constructed firefly
plasmid and the control Renilla plasmid (blue), or an empty firefly vector (EV 4.17) and the control Renilla
plasmid (red). This experiment was done using cells from 4 different calves; showing the mean ± SEM of
technical triplicate values for each sample. The complete data are shown in Table 5:10.

The fold-change in activity of the pGL4.17 construct was 20 to 40 times more
than that of the empty vector (Figure 4-24). The data were normally distributed based
on a Shapiro-Wilk test. Outlier data points were identified in SPSS 25 using a box and
whisker plot and omitted from the statistical analysis (Table 5:10, Appendix C). There
was a significant difference in the mean luminescence of the construct and the empty
vector (p=0.02, 2-way ANOVA).
Effect of Pam3CSK4 or LPS Stimulation on Activity of the 1 kb-TAP—pGL
4.17 Construct
To determine if the 1 kb TAP-pGL4.17 construct was capable of responding to
inflammatory stimuli, transfected BAES-2B and bTEC were treated with either 0.1
µg/mL of LPS or 1.0 µg/mL of Pam3CSK4 for 16 hours prior to measuring
59

luminescence. BAES-2B treatments were done in technical quadruplicate with the
exception of samples that were lost due to experimental error. The data were normally
distributed, based on the Shapiro-Wilk test. The ratios of firefly to Renilla luminescence
and the normalized fold change in activity are shown in Table 4:5 and Figure 4-25. The
values for individual samples are shown in Table 5:11 of Appendix C. Compared to
untreated cells, there was a small increase in mean luminescence of Pam3CSK4treated cells and a small decrease in mean luminescence of LPS-treated cells (Table
4:5,Figure 4-25), but these differences were not statistically significant (p= 0.19, 2-way
ANOVA).
Table 4:5 Average ratio of Firefly to Renilla luminescence (F:R Ratio) and normalized fold activity
of BAES-2B cells treated with LPS or Pam3CSK4

Average F:R Ratio
Trial 1
Trial 2

Trial 3

Trial 4

Untreated
Pam3CSK4
Untreated
Pam3CSK4
LPS
Untreated
Pam3CSK4
LPS
Untreated
Pam3CSK4
LPS

2.828
3.101
42.003
53.917
40.686
44.382
41.082
45.981
126.372
149.622
99.839
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Normalized Fold
Change
1.000
1.096
1.000
1.284
0.969
1.000
0.926
1.036
1.000
1.184
0.790

Figure 4-25 The normalized fold change in activity for BAES-2B cells treated with Pam3CSK4 or
LPS
Graphical representation of the data in Table 4-5. BAES-2B cells were co-transfected with experimental 1
kb TAP pGL4.17 (firefly) and control pGL4.75 (Renilla) plasmids, then treated with 1.0 µg/mL of
Pam3CSK4 or 0.1µg/mL of LPS for 16 hours. Stimulated cells were tested for differences in TAP
promoter activity by assessing the ratios of luminescence of firefly vs Renilla luciferase, comparing
treated cells to untreated cells. Mean ± SEM; n=4 experimental replicates, mean of technical triplicates.
Blue: untreated cells; red: Pam3CSK4-treated cells; green: LPS-treated cells. The normalized foldchange is calculated by setting an untreated sample as baseline and dividing all treatments by this value
(Equation 1, Appendix A).

To determine if the experimental plasmid similarly responds to stimuli in bTEC,
the same experiment was done using primary cell cultures in technical triplicate. The
data were normally distributed based on the Shapiro-Wilk test. The ratios of firefly to
Renilla luminescence and the normalized fold change in activity for cultured bTEC are
shown in Table 4:6 and Figure 4-26. The values for individual samples are shown in
Table 5:12. Compared to untreated bTEC, there was a significant increase in mean
luminescence of LPS-treated cells (p=0.01, 2-way ANOVA, n=4 per group). Similarly,
compared to untreated bTEC, there was an increase in mean luminescence of
Pam3CSK4-treated cells, but this difference was not statistically significant (p= 0.08, 2way ANOVA, n=4 per group).
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Table 4:6 Average Ratio of Firefly to Renilla Luminescence (F:R Ratio) and Normalized Fold
Activity of Transfected bTEC Treated with LPS or Pam3CSK4

Averaged F:R Ratio
Calf 1

Calf 2

Calf 3

Calf 4

Untreated
Pam3CSK4
LPS
Untreated
Pam3CSK4
LPS
Untreated
Pam3CSK4
LPS
Untreated
Pam3CSK4
LPS

32.295
43.069
56.722
34.252
66.747
43.509
0.392
0.872
1.274
1.400
2.626
3.210

Normalized Fold
Change
1.000
1.334
1.756
1.000
1.949
1.270
1.000
2.221
3.247
1.000
1.876
2.293

Figure 4-26 The normalized fold change in activity for bTEC treated with Pam3CSK4 or LPS
Graphical representation of the data in Table 4-6. The bTEC cultures from 4 different calves were cotransfected with experimental 1 kb TAP pGL4.17 (firefly) and control pGL4.75 (Renilla) plasmids, then
treated with 1.0 µg/mL of Pam3CSK4 or 0.1 µg/mL of LPS for 16 hours. Untreated cells were used as the
baseline to calculate fold change in activity between animals. The normalized fold change was calculated
by setting an untreated sample as baseline and dividing all treatments by this value (Equation 1,
Appendix A). Mean ± SEM; n=4 biologic replicates, mean of technical triplicates. Blue: untreated cells;
red: Pam3CSK4-treated cells; green: LPS-treated cells.
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There was also a significant difference in luminescence between LPS-treated
bTEC and LPS-treated BAES-2B cells (p=0.01). The bTEC cultures produced a greater
measurable luminescence signal than did the BAES-2B cells when transfected with
experimental plasmid and stimulated with 0.1 µg/mL of LPS. However, it should be
noted that the BAES-2B and bTEC cultures were analyzed on different days, although
the fold change calculations should account for variation between days.

Figure 4-27 Comparison of bTEC and BAES-2B cells stimulated with Pam3CSK4 or LPS
Combining both sets of data from bTEC and BAES-2B cells shows the comparison between cell types to
the response to inflammatory stimuli. Untreated cells were used as the baseline to calculate fold change
in activity between animals. The normalized fold change is calculated by setting an untreated sample as
baseline and dividing all treatments by this value (Equation 1, Appendix A). However, it should be noted
that the BAES-2B and bTEC cultures were analyzed on different days.
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Effect of Dexamethasone and Pam3CSK4 on Activity of the 1 kb-TAP—
pGL4.17 Construct.
To determine the effect of dexamethasone on the Pam3CSK4-induced activity of
the experimental plasmid (containing 1 kb of the TAP promoter region), bTEC were
cultured, transfected and treated. The luminescence of transfected cells was compared
to that of untreated cells. The individual luminescence values are shown in Table 5:13.
The data were normally distributed (p> 0.05, Shapiro-Wilk test). It is important to note
the considerable variation between technical replicates as well as the number of outliers
in each treatment group, which may affect the reliability of the results. Table 4:7 and
Figure 4-28 show the normalized fold change in activity and the average firefly to
Renilla ratios for bTEC transfected with the pGL4.17 plasmid containing 1 kb of the TAP
promoter region.
There was found to be no significant difference between treatments in the
amount of luminescence (p=0.14, 2-way ANOVA). Compared to untreated cells, there
was no consistent change in luminescence of cells treated with 1.0 µg/mL Pam3CSK4
(p=0.25), 500 ng/mL dexamethasone (p=0.96), or both Pam3CSK4 and dexamethasone
(p=0.45).
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Table 4:7 Average Ratio of Firefly to Renilla Luminescence (F:R Ratio) and Normalized Fold
Activity of Transfected bTEC Treated with Pam3CSK4 or Dexamethasone

Average F:R Ratio
Calf 1

Calf 2

Calf 3

Calf 4

Untreated
Pam3CSK4
Dex
Pam3CSK4+
Dex
Untreated
Pam3CSK4
Dex
Pam3CSK4+
Dex
Untreated
Pam3CSK4
Dex
Pam3CSK4+
Dex
Untreated
Pam3CSK4
Dex
Pam3CSK4+
Dex

34.252
66.747
10.835

Normalized Fold
Change
1.000
1.949
0.316

21.655
26.605
66.747
30.729

0.632
1.000
2.509
1.155

60.360
21.788
20.299
18.862

2.269
1.000
0.932
0.866

13.151
15.337
19.157
16.452

0.604
1.000
1.249
1.073

17.029

1.110
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Figure 4-28 The normalized fold change in activity for transfected bTEC treated with Pam3CSK4
and dexamethasone
Graphical representation of the data in Table 4-7. Transfected bTEC cultures were treated with 1.0 µg/mL
Pam3CSK4, 500 ng/mL dexamethasone, or both. Untreated cells were used as the baseline to calculate
fold change in activity between treatments. The normalized fold change is calculated by setting an
untreated sample as baseline and dividing all treatments by this value (Equation 1, Appendix A). Data are
shown for cells prepared from 4 different calves, with technical replicates and omission of outliers as
detailed in Table 5:14.

Effects of TAP Promoter Length on TAP—pGL4.17 Activity in Untreated
bTEC
To determine how the length of the cloned TAP promoter region affects promoter
activity, the TAP sequences 500 bp, 1000 bp, and 1500 bp upstream of the amino acid
start site were cloned into pGL4.17 promoter-less vectors. bTEC from 2 different calves
were separately transfected with each type of experimental construct as well as the
control pGL4.75. In untreated cells harvested 40-48 hours after 65% confluency,
luminescence values were normalized to an empty vector control (Table 4:8; and Table
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5:14, Appendix C). This experiment was done in technical singlicate, with the exception
of a few samples that were analyzed twice.
There was a significant difference seen between treatments (p<0.01, 2-way
ANOVA). The 500 bp construct produced a significantly higher luminescence signal
than the 1 kb construct (p=0.02, Tukey post-test) and the 1.5 kb construct (p=0.01).
There was no significant difference between the 1 kb construct and the 1.5 kb construct
(p=0.64). It is important to note the small sample size (n=2 per group) in this
experiment, which did not permit a test for normality, as it does not give much power to
any statistical analysis. Thus, the results of this analysis should be considered with
caution.
Table 4:8 Ratio of Firefly to Renilla Luminescence (F:R Ratio) and Normalized Fold Change in
Activity for Various TAP Promoter Lengths in the pGL4.17 Reporter Plasmid.

Promoter Length

Animal

F:R Ratio

Empty Vector

Calf 1
Calf 2
Calf 1
Calf 2
Calf 1
Calf 2
Calf 1
Calf 2

0.097
0.115
4.758
8.322
3.716
2.467
2.130
2.650

500 bp TAPp
Insert
1 kb TAPp Insert
1.5 kb TAPp
Insert
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Normalized Fold
Change
1
1
73.780
72.613
38.125
21.523
21.852
23.119

Figure 4-29 The Normalized Fold Change in Activity for Various Lengths of TAP Promoter Cloned
into a pGL4.17 Reporter Assay System
Graphical representation of the data in Table 4-8. Three experimental constructs were developed (500,
1000 and 1500 bp) and transfected into untreated bTEC cultures. Cells were harvested and lysed, and
the luminescence of each construct was measured and compared to that of cells transfected with a vector
containing no promoter (EV, empty vector). EV cells were used as the baseline to calculate fold change in
activity between constructs. The normalized fold change is calculated by setting an untreated sample as
baseline and dividing all treatments by this value (Equation 1, Appendix A). Cells from two different
animals were analyzed in technical singlicate.

Effects of Dexamethasone and Inflammatory Stimulant on TAP Promoter
Region
To determine the effects of dexamethasone on cell cultures stimulated with LPS
multiple pGL4.17 constructs were tested, including those containing 500 bp, 1 kb, 1.5 kb
of the TAP promoter region, and the same 1.5 kb construct with a deletion mutation of a
putative GRE (1.5kb GREdel). bTEC transfected with each experimental construct were
given four treatments including an untreated control, 500 ng/mL of dexamethasone,
0.1µg/mL of LPS, or both dexamethasone and LPS. Experiments were conducted in
technical singlicate using cells from 2 different calves. Luminescence values for each
sample are shown in Table 5:15 of Appendix C.
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The effect of treatment and promoter length on promoter activity (fold-change in
luminescence) was analyzed using a 2-way ANOVA with matching of the data by calf.
Due to the small sample size (n=2 biologic replicates), a test for normality could not be
completed. There were no statistically significant differences in fold-change values
between the various promoter constructs for each individual treatment (p=0.857, 2-way
ANOVA). There was a significant effect between treatments (p=0.017), and the most
meaningful differences were analyzed by a Tukey test. The fold-change was not
significantly different in untreated vs dexamethasone-treated cells and in LPS treated
cells vs cells treated with LPS and dexamethasone (no response of promoter region to
glucocorticoids). The fold change was significantly higher in LPS-treated cells compared
to unstimulated cells only in the 500 bp construct (P<0.05; i.e. induction of promoter
activity by LPS). The lack of technical replicates and small sample size should be taken
into consideration when interpreting these results.
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Table 4:9 The Ratios of Firefly to Renilla Luminescence and Normalized Fold Change of bTEC
Cultures Transfected with Different pGL4.17 Plasmids and Treated with Dexamethasone and LPS.

0.5 kb
Calf 1

Untreated
Dex
LPS
LPS + Dex
Untreated
Dex
LPS
LPS + Dex

Calf 2

1 kb
Calf 1

Untreated
Dex
LPS
LPS + Dex
Untreated
Dex
LPS
LPS + Dex

Calf 2

1.5 kb
Calf 1

Untreated
Dex
LPS
LPS + Dex
Calf 2
Untreated
Dex
LPS
LPS + Dex
1.5 kb GREdel
Calf 1
Untreated
Dex
LPS
LPS + Dex
Calf 2
Untreated
Dex
LPS
LPS + Dex

F:R Ratio
4.758
8.380
14.095
9.113
8.322
7.030
17.960
18.631
F:R Ratio
3.716
4.060
9.171
5.605
2.467
3.767
12.526
13.892
F:R Ratio
2.130
1.640
2.922
2.905
2.650
2.099
8.889
8.493
F:R Ratio
3.320
2.808
4.373
3.884
1.733
2.192
8.873
9.437
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Normalized Fold Change
1.000
1.761
2.963
1.916
1.000
0.845
2.158
2.237
Normalized Fold Change
1.00
1.092
2.468
1.508
1.00
1.527
5.078
5.632
Normalized Fold Change
1.000
0.770
1.372
1.364
1.000
0.792
3.355
3.205
Normalized Fold Change
1.000
0.846
1.317
1.170
1.000
1.264
5.117
5.443

Figure 4-30 The Normalized Fold Change in Activity of Each Experimental pGL4.17 Plasmid in
bTEC with Various Treatments.
Graphical representation of the data in Table 4-9. bTEC were transfected with four different experimental
TAP promoter constructs (0.5 kb, 1 kb, 1.5 kb, 1.5kb—GREdel). Cells were untreated or treated with 0.1
µg/mL of LPS, 500 ng/mL of dexamethasone, or both LPS and dexamethasone. The data are technical
singlicates using cells from 2 different calves. The data were normalized to untreated bTEC to allow
comparison of data from different calves.

4.3 Effects of Dexamethasone and Stimulant on Expression of
Canonical NF-κB Pathway-Related Genes
The NF-κB signaling pathway is necessary for LPS- and Pam3CSK4-induced
upregulation of TAP gene expression (Berghuis et al. 2014; Taha-Abdelaziz et al.
2016). Dysregulation of this signaling pathway is a proposed mechanism by which
dexamethasone interferes with induction of TAP gene expression. Thus, the effects of
glucocorticoid and an inflammatory stimulus on relative expression of selected genes
related to this signaling pathway were determined by RT-qPCR.
RT-qPCR was used to test 5 different reference genes, using RNA extracted from
bTEC that were unstimulated or treated with 0.1 µg/mL LPS, 500 ng/mL
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dexamethasone, or both LPS and dexamethasone. The reference genes were
compared to identify those with no significant difference in crossing points between
treatments (Table 4:10). The data were not normally distributed (p<0.05, Shapiro-Wilk
test) so the data were transformed using the natural log and analyzed using 2-way
ANOVA and Tukey post-test.
The crossing point data for glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
gene was found to be significantly different between untreated cells and cells treated
with LPS (p<0.01), dexamethasone (p<0.01), and the combination of LPS and
dexamethasone (p<0.01). However, the crossing points for the GAP were all below 19,
indicating GAP mRNA was present in readily detectable concentrations.
The TATA-box binding protein (TBP) gene also showed a significant difference
between untreated cells and cells treated with LPS (p<0.01), dexamethasone (p<0.01),
and the combination of LPS and dexamethasone (p<0.01). The crossing points for TBP
were all above 20, indicating a lower concentration of TBP mRNA in bTEC.
The 5-8s ribosomal gene showed no significant difference among crossing points
for all treatments. However, all crossing points were above 35, indicating very poor
detection of 5-8S mRNA.
The b-actin gene showed a significant difference across all treatments (p<0.01), as
did peptidylprolyl isomerase A (PPIA) (p=0.04). However, PPIA had a lower crossing
point (i.e. a greater concentration of PPIA in bTEC), and this was considered suitable
for a reference gene.
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An ideal reference gene will show unchanging low crossing points between
treatments, indicating that the gene expression is not affected by the experimental
parameters, and will show a measurable quantity of gene expression. For this reason,
GAPDH and PPIA were chosen as reference genes for further experiments (Figure 431).
Table 4:10 Crossing Point Data for Candidate Reference Genes Analyzed by RT-qPCR, from bTEC
Treated With LPS and Dexamethasone

Untreated
LPS (0.1
µg/mL)
Dex (500
ng/mL)
Dex & LPS

GAP
19.17
18.98
16.79
16.92
17.69
17.45
17.7
16.98

TBP
26.64
26.66
23.89
23.95
25.01
24.95
24.94
24.99

5-8s
37.87
37.73
40
36.43
40
37.36
40
38.45

b-Actin
19.67
19.99
16.15
16.2
17.53
17.75
19.82
20.96

PPIA
19.77
19.80
17.42
17.34
18.24
18.46
18.87
18.7

Figure 4-31 Crossing point data for candidate reference genes analyzed by RT-qPCR, from bTEC
treated with LPS and dexamethasone.
Each treatment is depicted with a different coloured shape. Individual treatments for the same reference
gene are connected by a single line.
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Validation of the IkB, IKK, REL A primers was completed using polymerase chain
reaction and acrylamide gel. The primer binding region of each of the chosen primer
sets is shown in Figure 5-11. Appropriately sized bands were seen for each potential
primer set (Figure 4-32). The melting and dissociation curves for each primer set were
also examined. A single peak in a melting curve indicates a pure product with only one
amplicon, whereas the presence of two or more peaks indicates non-specific binding of
the primer set. The dissociation curve indicates purity of sample as well as G-C content.
If a sample is pure only one melting profile will be observed, the presence of two or
more slopes may indicate an additional source of DNA in the sample or non-specific
binding of primers. Additionally, this curve indicates the percentage of GC bonds within
a DNA strand; in a strand with high GC content, a “shoulder” may be seen in the curve,
indicating a phase where the DNA strand is both double-stranded at the GC sites and
single-stranded at the AT sites. The IkB primer set was seen to have two different
peaks and a non-uniform dissociation curve, and it was speculated this was the result of
primer dimer formation, so the cDNA from this experiment was sequenced to confirm
the IkB target (Figure 4-34). The sequencing results showed the amplicon of the IkB
primer set matched the known bovine IkB gene. The rest of the primer sets showed
uniform peaks and slopes indicating pure amplification of target sequences (Figure 433).

74

Figure 4-32 IKK, IkB, RELA amplicon size after separation in a 1% acrylamide gel
Two primer sets were created for each experimental target with various product sizes. Strong bands can
be seen at appropriate lengths for each primer set. The positive control uses a TAP primer set previously
shown to work in our laboratory (data unpublished).
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PPIA

PPIA

GAP

GAP

IKK

IKK

IkB

IkB

Figure 4-33. Additional figures and legend on the next page.
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REL A

REL A

Figure 4-33 Melting curves and melting peaks for reference and experimental genes analyzed by
RT-qPCR
The melting curve (right) and dissociation curve (left) for various primer sets used in RT-qPCR analysis.
Each colored line represents a sample of bovine cDNA in serial dilution. Lines that produce no response
are negative controls containing water instead of template DNA.

a.

b.

Figure 4-34 Sequence alignment of IkB primer amplicon and IkB NCBI gene sequence and results
from a nucleotide BLAST on NCBI.
a) Using Geneious software the IkB amplicon sequence was compared to the IkB sequence available on
the NCBI data base. Sequence similarity can be seen as a green bar above the nucleotides. b) The gene
was also used to run a nucleotide basic local alignment search tool on the NCBI website. The sequence
similarity between the isolated DNA and the bovine IkB sequence was found to be 96%.
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To determine the effects of dexamethasone on cellular IkB, IKK, REL A and TAP
mRNA levels, bTEC were treated with 0.1 µg/mL LPS, 500 ng/mL dexamethasone, or
both LPS and dexamethasone, and compared to untreated cells. For each experiment,
tracheas from 4 different calves were used (n=4) (Table 5:16, Appendix D). The data for
IkB, IKK and Rel A were not normally distributed (Shapiro-Wilk test) and were
transformed using natural log (IkB, Rel A, TAP) or square root (IKK), then analyzed
using 2-way ANOVA and Tukey post-test.
For IkB, there was a significant difference in relative mRNA levels between
treatments (p<0.01; Figure 4-32a). There was a significant difference between untreated
cells and cells treated with dexamethasone (p<0.01). There was also a significant
difference between cells treated with LPS and cells treated with both LPS and
dexamethasone (P<0.01). It was found that dexamethasone significantly increased
expression of IkB, an inhibitory protein of NF-kB, in bTEC.
There was no significant difference in relative IKK mRNA levels between
untreated cells and dexamethasone-treated cells (p=0.66). There was also no
significant difference seen between LPS-treated cells and cells treated with both LPS
and dexamethasone (p=0.14). Thus, dexamethasone did not significantly impact the
expression of IKK mRNA in bTEC.
There was no significant difference in relative expression of REL A mRNA in
untreated cells and cells treated with dexamethasone (p=0.53). There was also no
significant difference between cells treated with LPS and cells treated with both LPS
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and dexamethasone (p=0.4). Thus, dexamethasone had no significant effects on REL A
mRNA expression in bTEC.
Due to limited supply of template DNA, only 3 of the 4 animals could be analyzed
for TAP mRNA expression, in technical singlicate. The individual mRNA expression
measurements are shown in Table 5:17 of Appendix D. There was no significant
difference in relative TAP gene expression between untreated cells and cells treated
with dexamethasone (p=0.09). There was a significant difference between cells treated
with LPS and cells treated with both LPS and dexamethasone (p=0.02). Thus,
dexamethasone had no direct impact on TAP mRNA expression in resting cells.
However, when combined with LPS, dexamethasone produced a greater increase in
TAP mRNA expression than in cells treated with LPS alone.
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a.

b.

c.

Figure 4-35 Relative expression of IkB, IKK, and REL A mRNA in bTEC treated with
dexamethasone and LPS
The mRNA levels of specific inflammatory response proteins were measured in bTEC treated with 0.1
µg/mL LPS, 500 ng/mL dexamethasone, or both LPS and dexamethasone, compared to untreated cells.
a) The mRNA levels of inhibitory protein kappa-B (IkB), an inhibitory protein of nuclear factor- kappa B
(NF-kB). b) The mRNA levels of IkB Kinase (IKK), an activator of NF-kB. c) The mRNA levels of REL A,
coding for the p65 subunit of the NF-kB transcription factor.
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Figure 4-36 Relative expression of TAP mRNA in bTEC treated with dexamethasone and LPS.
The mRNA levels of TAP were measured in bTEC treated with 0.1 µg/mL LPS, 500ng/mL
dexamethasone, or both LPS and dexamethasone and were compared to untreated cells. Each calf was
measured in singlicate, resulting in only one data point per bar.
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5 Discussion
5.1 TLR 2 Expression on Bovine Tracheal Epithelial Cells and
Alveolar Macrophages
Validation of the TLR 2 flow cytometry assay was completed using a primary
bovine cell type known to express TLR 2 on its surface, alveolar macrophages (Kwong
et al. 2011). It was found that the HuCAL TLR 2 antibody (Bio-rad, HCA151A647)
successfully labelled TLR 2 on the surface of cultured alveolar macrophages from three
different calves. The TLR 2 antibody produced a significantly greater median
fluorescence intensity (MFI) than that seen in cells labelled with the HuCAL negative
control antibody. However, it is important to note that the negative control antibody
produced a greater fluorescence signal than unlabeled cells. This indicates non-specific
binding of the negative control antibody, which is a similar structure to the recombinant
TLR 2 antibody with the replacement of the TLR 2 paratope with a sequence matching
green fluorescent protein. These positive results have been seen in other unstimulated
bovine monocytes such as monocyte-derived macrophages, monocyte-derived dendritic
cells, and neutrophils (Kwong et al. 2011; Conejeros et al. 2015).
Alveolar macrophages from the same animals were treated with Pam3CSK4 to
determine if up regulation of TLR 2 was detectable by the TLR 2 antibody. It was found
there was no significant difference between the DMFI, the difference in MFI between the
TLR 2 and negative control antibody, in untreated alveolar macrophages and
macrophages treated with Pam3CSK4 for 16 hours. This could indicate there was no
detectable increase in surface TLR 2 expression in response to Pam3CSK4 treatment
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in bovine alveolar macrophages using this flow cytometry protocol. Additional testing
would be required to determine the nature of the TLR 2 response to Pam3CSK4 in
alveolar macrophages over various time points after initial exposure. As this experiment
was conducted to validate the antibody and the flow cytometry method, not to determine
the TLR 2 expression profile of alveolar macrophages, no further investigation was
conducted.
The same cells were treated with dexamethasone or a combination of both
dexamethasone and Pam3CSK4 to complete the testing of the assay intended for
bTEC. No significant difference in fluorescence was seen between any of the
treatments. It may be possible that some bovine immune cells do not rely heavily on
TLR 2 activation for response to some PAMPs and DAMPs. It has been seen in human
neutrophils that exposure to TLR 2 agonist Pam3CSK4 induces not only upregulation of
TLR 2 surface expression, but also an increase in CD11/CD18 expression, aiding in
leukocyte adhesion. Interestingly, in bovine neutrophils treated with TLR 2 agonists, this
effect was not seen. There was found to be no change in CD11/CD18 regulation in
Pam3CSK4-treated bovine neutrophils (Conejeros et al. 2015).
The same TLR 2 assay was tested on primary bTEC collected on different days
from different bovine tracheas. The morphology and distribution of cells in culture prior
to harvesting were seen to be fairly uniform, all of them appearing to be epithelial cells.
When the cells were visualized using the FACSCanto, cells ranged in size and
complexity (forward scatter and side scatter). This may be due to the epithelial cells
existing at different stages of differentiation, as they were seeded and given epithelial
83

growth factor to divide and differentiate during culture. Using the same bTEC culture
protocol and immunohistochemistry, it was previously shown that this protocol produces
a consistent population of bovine epithelial cells (Berghuis et al., 2014). There were
dead cells found in the cell culture; this death likely occurred during the harvesting and
labeling process as the cells were still adherent to the culture dish and thus appeared
alive prior to harvesting as dead cells detach.
Labelling of bTEC with the same TLR 2 antibody used on the bovine alveolar
macrophages failed to produce a fluorescence signal when compared to the negative
control and unlabeled cells. When testing the antibody on three different animals, there
was no significant difference in median fluorescence intensity between the TLR 2
antibody, the negative control antibody and the unlabeled cells. To determine if there
was a time point at which epithelial cells expressed a greater amount of TLR 2 on their
surface during culturing, cells were tested at various time points after 50% confluency.
Again, it was found there was no significant difference in median fluorescence intensity
at 8 hours, 12 hours, and 16 hours in culture. To determine if stimulation with a TLR 2
agonist, Pam3CSK4, would activate TLR 2 expression on bTEC, cells were treated over
the same time points. Even with stimulation, there was still no significant difference in
median fluorescence intensity at each time point.
To investigate if there was a difference in TLR 2 expression in various regions of
the bovine airway, bTEC were compared to epithelial cells harvested from lower in the
airway, in the bronchi. Neither of these cell types showed significant labelling with the
TLR 2 antibody in untreated cells, cells treated with LPS (capable of stimulating TLR 2
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pathway), cells treated with dexamethasone, or cells treated with both dexamethasone
and LPS.
These results suggest that primary bTEC do not express TLR 2 in culture at
detectable levels, regardless of stimulation with TLR 2 agonists such as Pam3CSK4.
The labelling of bTEC was found of lesser intensity than that seen in alveolar
macrophages, although all these cells were cultured from different animals. This lack of
labelling for TLR 2 was unexpected because prior studies have identified Pam3CSK4 as
an effective stimulus for induction of TAP gene expression in these cells (Berghuis et al.
2014). This may suggest that Pam3CSK4 stimulates another surface receptor in bTEC
other than TLR 2. TLR 2 mRNA has been identified previously in cultured bTEC using
PCR (Berghuis et al. 2014). However, these findings suggest that this gene expression
does not correspond to surface expression of the protein.
An alternative possibility is post-translational modification of TLR 2 on the bTEC
cell surface, such that the protein has lost its immunoreactive epitope but remains
functionally active. This possibility was not investigated further, but it is suggested as a
future direction of research.
TLR 2 requires heterodimerization with TLR 1 or TLR 6 for signal transduction
and pathway activation in response to tri-acylated and di-acylated lipopeptides (Jin et al.
2007). The mRNA levels of TLR 1-10 in selected bovine tissues have been analyzed,
and it was seen in skin tissue that while TLR 2 mRNA was seen in abundance, TLR 1
expression was low and TLR 6 expression was non-existent (Menzies and Ingham
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2006). The potential low levels of TLR 1 and TLR6 mRNA could indicate an issue with
TLR 2/1 and TLR 2/6 heterodimerization and signaling in bovine tissues, although this is
not expected to lead to a loss of immunolabelling unless the dimerization altered the
epitope recognized by the antibody. It is also interesting to note that the bovine TLR 2/1
complex has been seen to respond to both tri-acylated and di-acylated peptides,
whereas in other mammals, the sensing of these PAMPs is associated with dimerization
of TLR 2 with TLR1 or TLR6, respectively (Farhat et al. 2007; Higuchi et al. 2008). This
could suggest the loss of immune sensitivity in ruminants to certain peptides, as one
TLR molecule binds both ligands versus that of other mammals that have differentiated
two separate molecules for acylated-peptide ligand binding.
Selective pressures have been seen to cause changes in the amino acid
sequences found in the TLR-PAMP binding regions of TLR 2. These polymorphisms
can result in gain or loss of function of specific recognition sites. This suggests a
functional change in TLRs in various species and an evolutionary push of TLRs to
recognize more relevant ligands (Jann et al. 2008). The accumulating evidence in TLR
studies across species suggests that a TLR-ligand interaction does not produce the
same immune response in all mammals. More specifically, due to the vast microflora of
ruminants, their TLR response may be dampened in response to specific PAMPs
(Werling et al. 2009).
Further investigation on the complete structure and post-translational processing
of bovine TLR 2 should be conducted. Visualization of the surface expression of TLR 2
protein with antibody on bTEC should be compared to that of fresh tracheal tissue, this
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would rule out issues with TLR 2 expression in experimentally cultured cells. An
alternative method would be to stimulate cells with a TLR 2 agonist-conjugated to beads
and perform an immunoprecipitation from cell lysates. This would add further evidence
of the presence or absence of TLR 2 on bovine airway epithelia, and if TLR 2 is found to
be present, would permit investigation of the specific cell surface proteins that react with
TLR 2 agonists such as LPS and Pam3CSK4.

5.2 Functional Analysis of the TAP Promoter Region
The promoter region of genes involved in innate immunity often provide insight into
their function, regulation and response to various stimuli. Tracheal antimicrobial peptide
is classified as a b-defensin because of its three disulfide bonds and the spacing of its
second, third, and fourth cystines (Diamond et al. 1991). The promoter region of this
innate immune molecule is not well characterized. Heat-killed bacteria and LPS have
been shown to increase expression of TAP mRNA levels in bovine tracheal epithelial
cell cultures. It was later shown that the TAP promoter region contains an NF-kB
binding site and an NF-IL6 binding site (also known as CEBPB, activated by
glucocorticoid receptor) (Nishio et al. 1993; Diamond et al. 2000).
To determine the effects of glucocorticoids on the TAP promoter region, various
lengths upstream of the amino acid start site were successfully isolated from bovine
DNA harvested from tracheal tissues. These isolated promoter regions were inserted
into a pGL4.17 reporter plasmid and cloned. Each promoter region was found to be

87

correctly inserted into the reporter plasmid, which would later express firefly luciferase
under control of this promoter.
To determine if the experimental reporter plasmid was functional, human bronchial
airway epithelial cells (BAES-2B) were transfected with the experimental plasmid along
with the control Renilla luciferase plasmid (constituently expressed using a CMV
promoter). The experimental plasmid had greater luminescence in untreated BAES-2B,
compared to the Renilla luciferase control vector that was co-transfected and compared
to the pGL4.17 promoter-less plasmid. These combined results suggest the
experimental construct containing the TAP promoter region was capable of inducing
transcription of the firefly luciferase gene. There was greater Renilla luminescence in
the cells co-transfected with the experimental firefly construct, compared to cells cotransfected with promoter-less pGL4.17. This may be due to residual luminescence
from the experimental construct firefly reaction. However, this background is only
significant if the Renilla luminescence is 1000-fold less than the intensity of the
measured firefly reaction, as per the Dual Luciferase Assay System Technical Manual
(Promega 2015).
Once it was shown that untreated BAES-2B cells were successfully transfected and
the experimental reporter was capable of inducing transcription of the firefly luciferase
protein, untreated bTEC were transfected with various ratios of experimental (pGL4.17)
to control (pGL4.75) plasmid DNA. This would allow optimization of transcription to
achieve the most sensitive analysis of promoter activation. While the 200:1 ratio
produced greater measurable luminescence than the 400:1 ratio, the 400:1 ratio
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provided greater sensitivity with a positive linear correlation between plasmid volume
and fold change activity compared to the 200:1 ratio which did not.
The experimental plasmid containing 1 kb of the TAP promoter region produced a
luminescence ratio that was 20-40 times greater than that of bTEC transfected with an
empty vector plasmid (EV), indicating successful transfection and activation of firefly
and Renilla genes in the experimental and control plasmid. The outliers present in the
technical triplicate data indicate a considerable level of unreliability in the luciferase
assay. It is possible this variation comes from poor transfection efficiency of some wells
and from the process of manual injection of luciferase reagents. Less variation between
triplicates was seen in the BAES-2B cell line, possibly indicating a difficulty of
transfecting the primary cell culture compared to the cell line.
The BEAS-2B cell line and bTEC cultures were transfected with the plasmid
containing the 1 kb TAP promoter and stimulated with either LPS or Pam3CSK4, both of
which are known to stimulate TAP mRNA and protein synthesis (Diamond et al. 1993;
Mitchell et al. 2007; Berghuis et al. 2014). There was no significant difference in foldchange activity in transfected BAES-2B cells between untreated cells and stimulated
cells, suggesting a failure of the experimental construct to respond to stimuli.
Interestingly, TAP expression has been suggested to be tissue specific and it may
be possible that human airway cells lack the specific proteins required to upregulate
expression in response to stimuli. If so, then this would also provide some insight as to
why there is a difference in basal promoter activity between the BAES-2B and bTEC.
89

(Diamond et al. 1993; Russell et al. 1996). Addressing this idea, bTEC transfected with
the same experimental plasmid showed a significant difference in fold change activity
between untreated bTEC and cells treated with LPS. There was also an apparent
increase in fold change activity in Pam3CSK4-treated cells, however this increase was
not statistically significant. It is interesting to note that the LPS response in bTEC was
significantly greater than that seen in BAES-2B cells. Although these experiments were
conducted on different days, the fold change calculation should remove some variability.
This result would support the idea of species-specific effects on the TAP promoter.
Alternatively, it may also be possible that the human cell line, manufactured to avoid
senescence, simply does not respond to stimuli in the same manner as a primary cell
line would. Finally, the lack of response to stimuli could rather be an issue of speciesspecific components of the signal transduction machinery.
Once the experimental plasmid was shown to respond to inflammatory stimuli, cells
were treated with dexamethasone to determine if glucocorticoids were capable of
suppressing the activity of the TAP promoter. Again, there was considerable variation
between technical triplicates, suggesting technical error and unreliability. There was no
significant difference in fold change between treatments, including cells stimulated with
Pam3CSK4. These failed results may be an outcome of the unreliability of the luciferase
assay in primary bTEC.
To determine if the length of the TAP promoter affects luminescence levels, three
different experimental constructs were transfected into untreated bTEC and compared
to the luminescence of the empty vector firefly plasmid. There was a significant
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difference in fold change of luminescence between the 500 bp TAP promoter and the 1
kb or the 1.5 kb TAP promoter constructs. There was no significant difference in
luminescence between the 1 kb and 1.5 kb TAP promoter. The construct containing the
500 bp TAP promoter produced a fold change activity just over 70 times that of the
empty vector. This construct contained both the NF-kB binding site and the NF-IL6
binding site, 323 bp upstream of the TAP start site, which is the known minimal
promoter region required to induce transcription (Diamond et al. 2000). The reduction in
fold change activity of the 1 kb and 1.5 kb TAP promoter-containing plasmids may be
due to reduced transfection efficiency of a larger plasmid.
To determine if glucocorticoids had an effect on the activity of various promoter
lengths, stimulated and unstimulated bTEC were treated with glucocorticoid. In addition,
the functionality of a putative glucocorticoid response element in the 1.5 kb TAP
promoter region was tested for functionality by creating a new 1.5 kb construct with a
deletion mutation, effectively removing the entire putative GRE. There was found to be
no significant effect of glucocorticoid on any of the TAP promoter constructs. The 500
bp TAP promoter construct was the only experimental plasmid to produce a significant
increase in promoter activity in response to LPS stimulation. Both the 1 kb and 1.5 kb
promoter region failed to produce a significant response to LPS stimulation. Although
the unreliability of this assay may cast doubts on these results, there is reassurance that
a similar luciferase assay was conducted on the TAP promoter region, approximately
300 bp upstream. This experiment produced very similar results to the response of the
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500 bp construct, in that a 2-fold increase in luminescence was seen between untreated
bTEC and cells treated with LPS (Diamond et al. 2000).
The increased fold change in activity in untreated bTEC and the increased
responsiveness to immune stimulant of the 500 bp TAP promoter experimental plasmid
compared to the 1 or 1.5 kb experimental plasmid may suggest the possible presence
of a silencer region upstream of the 500 bp construct. However, most characterized
silencers in human cells are associated with genes involved in cellular development and
differentiation, not in innate immune response genes (Kolovos et al. 2012). To
investigate this further, identification of previously identified putative silencer sequences
within the TAP promoter region could be performed using a bioinformatic software.
Additionally, multiple constructs of incremental length could be created between 500 bp
and 1000 bp upstream of the TAP start site. The luminescence of each construct would
theoretically indicate the point at which the promoter activity drops off. This area of the
promoter region would then be speculated to contain a silencer region. This region
could be deleted from the 1000 bp construct and further testing could determine if its
absence results in similar activity of the 1000 bp construct to the 500 bp construct.
In previous studies of TAP mRNA and protein expression, the TAP protein was
absent in unstimulated cells and mRNA levels were found to be relatively low (Diamond
et al. 2000; Mitchell et al. 2007). This raises the question, why is the TAP promoter
region active in unstimulated bTEC in this study? One speculated explanation is that
there may be epigenetic factors involved in the regulation of TAP. It may be that
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methylation of cysteine residues or histone deacetylation silences b-defensin genes,
and activation of these genes only occurs upon exposure to immune stimulants. If the
TAP gene were involved in a tightly wound nucleosome structure, NF-kB would be
unable to bind target DNA in the TAP promoter (Natoli et al. 2005; Smale and Natoli
2014). It may be that histone acetylation is required for chromosomes to loosen and
allow interactions between proinflammatory proteins and the TAP promoter sequence. If
this were the case, cloning the promoter region and studying the effects of inflammatory
proteins on its activity would yield different functional results than what is seen in vivo,
when the promoter region is additionally regulated by histone modifications.
Diseases such as chronic obstructive pulmonary disease (COPD) and asthma
are associated with an increase in histone acetylation in immune cells (Barnes et al.
2005). This indicates that the expression of inflammatory response genes are regulated
by histone modifications, and acylation of histones can induce proinflammatory gene
transcription. This supports the idea that TAP gene expression might be regulated by
histone modifications.
It may be possible that due to the separation of the TAP promoter from its
histone configuration in this experiment, the glucocorticoid might no longer affect gene
expression in the same way as would occur naturally, as GCs are known to exert their
effects on gene expression via enhancement of histone deacetyl-transferases (proteins
responsible for reversing acetylation) (Barnes et al. 2005). This could explain why there
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is no apparent effect of glucocorticoids on the promoter activity of TAP in this
experiment, regardless of the promoter length.

5.3 Effects of Dexamethasone and Stimulant on Inflammatory
Proteins
To determine the possible effects of glucocorticoids on IkB, IKK, and RELA gene
expression, bTEC were treated with dexamethasone, immune stimulant, or a
combination of both.
IkB is an inhibitor of NF-kB and acts by binding and preventing its translocation
into the nucleus. When bTEC were treated with dexamethasone, a significant increase
in IkB gene expression was observed. This could represent a possible mechanism by
which inflammation is suppressed in stressed cattle. Similar results of increased IkB
expression have been seen in HeLa cells, monocytic cells, T lymphocytes and human
pulmonary epithelial cells in response to dexamethasone treatment (Auphan et al. 1995;
Wissink et al. 1998). It was also suggested that dexamethasone directly upregulates the
transcription of the IkB gene, contributing to the downstream suppression of NF-kB and
the inflammatory response (Wissink et al. 1998). Interestingly, there was a synergistic
effect of dexamethasone and inflammatory stimuli on the production of IkB mRNA,
resulting in an observed 6-fold increase in expression compared to untreated cells. This
could indicate additional innate immune suppression and anti-inflammatory effect, if it
can be assumed that the IkB mRNA is translated to a functional protein that is capable
of binding NF-kB within the cell. Bound NF-kB would be unable to translocate into the
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nucleus and effectively upregulate inflammatory and innate immune genes such as
tracheal antimicrobial peptide.
IKK is the molecule responsible for releasing NF-kB from the IkB inhibitor protein,
and thus enhances NF-κB signaling. To determine if glucocorticoids suppress
inflammation via down regulation of IKK, mRNA from treated bTEC was analyzed. It
was found that dexamethasone treatment did not significantly impact the mRNA
expression of IKK. There was also no significant difference observed between bTEC
treated with LPS and bTEC treated with both LPS and dexamethasone. These results
suggest glucocorticoids do not directly regulate IKK gene expression in cultured bTEC
and rely on alternative mechanisms of immune suppression.
RELA is a subunit of the NF-kB molecule involved in the canonical inflammatory
pathway. To determine if glucocorticoids suppress the expression of NF-kB, RELA
mRNA was measured in bTEC over various treatments. It was found there was no
significant effect of dexamethasone on RELA gene expression in unstimulated cells or
cells stimulated with LPS. This suggests glucocorticoids do not act directly on the RELA
(NF-kB) DNA sequence but perhaps exert their suppressive effects via protein-protein
interactions or post-transcriptional interference.
These findings suggest that glucocorticoid-mediated suppression of proinflammatory proteins may result in part from direct effects of the glucocorticoid receptor
on IkB gene expression. The glucocorticoid receptor has been shown to act directly on
the IkB gene and enhance transcription (Auphan et al. 1995; Wissink et al. 1998). A co95

repression has been observed between NF-kB and the glucocorticoid receptor,
suggesting that while glucocorticoids may not have a direct effect on NF-kB gene
expression, glucocorticoids are involved in suppressing the activity of NF-kB via proteinprotein interactions of the glucocorticoid receptor and the p65 subunit (coded by the
RELA gene). This interaction is speculated to occur even if NF- kB is bound to DNA
(McKay and Cidlowski 1998). Therefore, it is suggested by previous results and the RTqPCR results of this experiment that dexamethasone acts to suppress the immune
system in part via direct upregulation of IkB synthesis in cultured bTEC. These results
also suggest that this suppressive IkB response is exacerbated in cells that are
immune-stimulated. This effect of glucocorticoid could lead to an inadequate
upregulation of innate antimicrobial peptides in tracheal epithelial cells, potentially
leading to increased susceptibility to pathogens.
To determine if the increase in IkB mRNA synthesis successfully resulted in
suppression of TAP, TAP mRNA was measured in the same bTEC cultures across the
same treatments. The converse was observed. There was no significant effect of
dexamethasone on unstimulated cells. When cells were stimulated with LPS and
treated with dexamethasone, a 5-fold increase in TAP mRNA levels was observed. This
is the opposite of what was seen in a previous study conducted on bTEC cultured using
the same protocol. In that study, these cells had a significant reduction in TAP mRNA
expression in response to LPS and dexamethasone when compared to cells that were
only stimulated with LPS (Mitchell et al. 2007; Taha-Abdelaziz et al. 2016). If the results
in the present study are valid, it could indicate a more complicated effect of
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glucocorticoids. Perhaps there is an inability of IkB to bind and suppress NF-kB, leading
to unregulated, active NF-kB that is capable of upregulating not only TAP but also IkB
itself. As IkB contains an NF-kB binding site as a mode of negative feedback in
response to NF-kB upregulation, it may be possible that these cells are experiencing an
interference of this feedback (Nelson et al. 2004; Kearns et al. 2006).
Alternatively, it may also be possible that while NF-kB has been successfully
suppressed in these cells via IkB, the induction of alternative inflammatory pathways
that respond to stress, such as the various Jun and ATF-2 containing complex
pathways, could have led to upregulation of inflammatory response genes (Van Dam et
al. 1995; Joyce et al. 2001). This response could potentially extend to TAP, as other
types of closely related b-defensins have been known to contain AP-1 binding sites and
respond with upregulation to this transcription factor (Jan Wehkamp et al. 2004; Vora et
al. 2004; Ju et al. 2012). This idea is further supported as the response of human bdefensin 2 mRNA to LPS and dexamethasone is very similar to that of TAP mRNA seen
in bTEC, suggesting these molecules are closely related (Schleimer 2004; Mitchell et al.
2007).

5.4 Conclusions, Limitations and Future Directions
Due to the lack of TLR 2 detection on the surface of cultured bTEC, it was not
possible to demonstrate the effects of dexamethasone on TLR 2 expression in
unstimulated or stimulated cells. Even though there was little to no TLR 2 protein
detected on the surface of cells, response to the TLR 2 agonist Pam3CSK4 was still
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observed in inflammatory gene expression responses such as IkB, NF-kB and TAP
mRNA levels. The effects of dexamethasone on the TAP promoter region could not be
reliably evaluated using the designed dual luciferase assay. This could be due to a
faulty assay design or to functional reasons, such as a lack of a glucocorticoid response
element within the TAP promoter and an alternative method of glucocorticoid-mediated
suppression that was unable to be observed in the chosen assay. However, effects of
glucocorticoid could be observed in expression of various genes involved in the NF-kB
signaling cascade. It was found that IkB mRNA was upregulated in dexamethasonetreated cells and upregulated 6-fold in cells treated with both dexamethasone and
immune stimulant. This suggests a mechanism by which glucocorticoid inhibits
inflammatory and innate immune responses in bTEC, because IkB is a major inhibitor of
the NF-kB molecule. The confounding finding of a similar increase in TAP mRNA levels
to LPS and dexamethasone treatment calls into question the mechanism of
inflammation and whether or not contamination or experimental error occurred during
this experiment. However, the consistent result in all four animals cultured on different
plates does make contamination an unlikely explanation. Instead it may be possible that
an alternative method of inflammatory induction was activated, as pathways such as the
Jun and ATF2 pathway could have potentially activated TAP mRNA synthesis without
having been suppressed by IkB.
The observed lack of TLR 2 on the surface of cultured bTEC was unexpected, but
found with cells isolated from different animals, from different anatomic sites, and at
different times in culture. Ideally, this finding would be confirmed using a different
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method, such as with a different antibody with flow cytometry. Using an air-liquid
interface instead of submerging bTEC in media (Mitchell et al. 2007) could be used to
evaluate whether the cell differentiation that occurs in air-liquid interface cultures may
affect TLR 2 surface expression. Additionally, the presence or absence of TLR 2 on
bovine tracheal epithelial cells should be visualized using confocal microscopy and with
western blot, using both cultured cells and fresh tissues labeled with antibody and
analyzed for differences in TLR 2 expression. NF-kB could also be labeled and
visualization of translocation into the nucleus upon TLR 2 stimulation could define the
functionality of bovine TLR 2 in bTEC.
To improve the dual luciferase assay, a positive control plasmid could be created.
This would involve the cloning of a tissue-specific bovine immune response promoter
that is seen to be constituently expressed in cells and ideally capable of upregulation via
inflammatory stimuli. Additionally, the development of a bovine airway epithelial cell line
could vastly improve on transfection efficiency.
To definitively determine if the glucocorticoid receptor binds the TAP promoter in
vivo, a chromatin immunoprecipitation (ChIP) assay could be performed. As mentioned
previously, the suppressive effects of glucocorticoids on TAP expression may rely on
the position of the TAP gene in a nucleosome.
It has been shown that the NF-IL6 binding site is required for activation of the TAP
promoter, but the necessity of the NF-kB sequence has yet to be determined. This NFIL6 sequence undoubtedly plays an essential role in signaling, but to determine what
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triggers this response element and if glucocorticoids affect its signaling, additional
experiments could be conducted (Diamond et al. 2000).
It could be insightful to clone the IkB promoter region into the luciferase assay
system, as it has been demonstrated that glucocorticoids do in fact upregulate IkB
mRNA production to a great extent. This response has been seen across various cell
types and mammalian species. There is potential that this gene carries a glucocorticoid
response element.
In conclusion this research adds knowledge to the bovine tracheal epithelial cell
surface receptor profile, in that TLR 2 surface expression on cultured bTEC has been
called into question. This research also adds to the little information that is available in
characterizing the TAP promoter region. It was found that 500 bp of the promoter
produces the greatest response, which agrees with previous findings of the minimal
functional promoter region of TAP (Diamond et al. 2000). It was also found that
extending the promoter region to 1000 bp up stream greatly impedes the promoter
response and activity, a possible indication of a silencer region. More experiments
would need to be conducted to confirm this finding. Finally, IkB mRNA expression was
found to be significantly upregulated in response to glucocorticoids. Along with
comparable findings in other cell types and species, this is most likely a major mode of
glucocorticoid-mediated suppression of inflammation and innate immune responses in
bTEC.
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APPENDIX A. INTRODUCTION AND BACKGROUND.
Table 5:1 PCR Master Mix I.

Component
Sterile RNA
Free H2O
Oligo Ts (50
µM)
dNTPs
RNA sample
(20ng/µL)

Volume (µL)
1
1
1
10

Table 5:2 PCR Master Mix II.

Component
5x First strand
buffer
0.1M DTT
RNase OUT
SuperScript III

Volume (µL)
4
1
1
1

Table 5:3 RT-qPCR Amplification Protocol.

Program

Temperature
(°C)

Acquisition
Mode

Hold
(hh:mm:ss)

Ramp
Rate
(°C/s)

Acquisitions
(per °C)

PreIncubation
1 Cycle

95

None

00:07:00

4.40

N/A

Amplificatio
n
45 Cycles
Melting
Curve
1 Cycle
Cooling
1 Cycle

95
62
72
95
45
95
40

None
None
Single
None
None
Continuous
None

00:00:15
00:00:15
00:00:20
00:00:05
00:01:00
N/A
00:00:10

4.40
2.20
4.40
4.40
2.20
0.11
1.50

N/A
N/A
N/A
N/A
N/A
5
N/A
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Table 5:4 Titration of Plasmid DNA for Transfection

Volume of pGL4.17 Plasmid DNA
Volume of pGL4.75 Plasmid DNA
200:1 pGL4.17 to pGL 4.75
12.5ng Renilla 4.75
2.5 µg Uncut 4.17
12.5ng Renilla 4.75
2.5 µg TAPp4.17
25 ng Renilla 4.75
5 µg TAPp4.17
37.5 ng Renilla 4.75
7.5 µg TAPp4.17
400:1 pGL4.17 to pGL 4.75
6.25 ng Renilla 4.75
2.5 µg Uncut 4.17
6.25 ng Renilla 4.75
2.5 µg TAPp4.17
12.5 ng Renilla 4.75
5 µg TAPp4.17
18.75 ng Renilla 4.75
7.5 µg TAPp4.17

Figure 5-1 Visualization of bovine respiratory system with indication of innate immune
components.
(Ackermann et al. 2010)
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Figure 5-2 Signaling cascade of PRRs by PAMPS.
TLR 2 and TLR 4 recruit both MyD88 and Toll-IL-1R domain-containing adapter protein (TIRAP) (Baral et
al. 2014)
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Figure 5-3 A visual representation of the TAP gene and promoter region. The 3 constructs used
are shown in green, orange, and blue.

Figure 5-4 A visual representation of the putative GRE and its deletion within the pGL4.17 plasmid
Equation 1 Normalized Fold Change in Activity of Luciferase Assay

𝐿𝑢𝑚𝑖𝑛𝑒𝑠𝑐𝑒𝑛𝑡 𝑅𝑎𝑡𝑖𝑜 = (𝑅𝑒𝑛𝑖𝑙𝑙𝑎 𝐿𝑢𝑚𝑖𝑛𝑒𝑠𝑐𝑒𝑛𝑐𝑒 ⁄𝑇𝐴𝑃𝑝𝐺𝐿4.17 𝐿𝑢𝑐𝑖𝑓𝑒𝑟𝑎𝑠𝑒 𝐿𝑢𝑚𝑖𝑛𝑒𝑠𝑐𝑒 )
𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝐹𝑜𝑙𝑑 𝐶ℎ𝑎𝑛𝑔𝑒
= (𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝐿𝑢𝑚𝑖𝑛𝑒𝑠𝑐𝑒𝑛𝑡 𝑅𝑎𝑡𝑖𝑜⁄𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝐿𝑢𝑚𝑖𝑛𝑒𝑠𝑐𝑒𝑛𝑡 𝑅𝑎𝑡𝑖𝑜)
= (𝑆𝑡𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝑐𝑒𝑙𝑙𝑠 𝐿𝑢𝑚𝑖𝑛𝑒𝑠𝑐𝑒𝑛𝑡 𝑅𝑎𝑡𝑖𝑜⁄𝑈𝑛𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑐𝑒𝑙𝑙𝑠 𝐿𝑢𝑚𝑖𝑛𝑒𝑠𝑐𝑒𝑛𝑡 𝑅𝑎𝑡𝑖𝑜)

Figure 5-5 Sequence alignment of T1-T5 500 bp TAP promoter sequences and NCBI Database TAP
promoter sequence in Geneious Software.
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APPENDIX B. TLR 2 EXPRESSION ON BOVINE TRACHEAL
EPITHELIAL CELLS AND ALVEOLAR MACROPHAGES

Table 5:5 The Mean Florescent Intensity of TLR 2 and Negative Control HuCAL Antibodies in
Unstimulated bTEC cultures.

Calf 1
Calf 2
Calf 3

Unlabeled
100
87.4
66.8

Negative Control
121
91.2
118

TLR 2
144
89.9
139

Table 5:6 The Mean Fluorescence Intensity of TLR 2 and the Negative Control Antibody in bTEC
cultures in Time Trial Assay.

8 Hours
Calf 1
Calf 2
Calf 3
Calf 1
Calf 2
Calf 3
12 Hours
Calf 1
Calf 2
Calf 3
Calf 1
Calf 2
Calf 3
16 Hours
Calf 1
Calf 2
Calf 3
Calf 1
Calf 2
Calf 3

Treatment
Unstimulated
Unstimulated
Unstimulated
Pam (1 µg/mL)
Pam (1 µg/mL)
Pam (1 µg/mL)
Treatment
Unstimulated
Unstimulated
Unstimulated
Pam (1 µg/mL)
Pam (1 µg/mL)
Pam (1 µg/mL)
Treatment
Unstimulated
Unstimulated
Unstimulated
Pam (1 µg/mL)
Pam (1 µg/mL)
Pam (1 µg/mL)

MFI +
138
117
142
118
143
97.7
MFI +
225
130
143
104
87.4
78.4
MFI +
133
124
104
114
105
131

MFI 86.1
109
86.1
83.5
75.8
74.5
MFI 152
157
157
153
169
107
MFI 107
91
99
92
125
102

112

DMFI
51.9
8
55.9
34.5
67.2
23.2
DMFI
73
-27
-14
-49
-81.6
-28.6
DMFI
26
33
5
22
-20
29

Figure 5-6 Histograms of TLR 2 fluorescence and negative control in bTEC time trial
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Table 5:7 The Mean Fluorescence Intensity of TLR 2 and the Negative Control Antibody in Alveolar
Macrophages.

Calf 1

Calf 2

Calf 3

Treatment

MFI +

MFI -

DMFI

Untreated
PAM (1 µg/mL)
Dex (500 ng/mL)
PAM and Dex
Untreated
PAM (1 µg/mL)
Dex (500 ng/mL)
PAM and Dex
Untreated
PAM (1 µg/mL)
Dex (500 ng/mL)
PAM and Dex

9054
9906
10271
13796
15065
7834
14516
15636
12325
18200
15065
16535

2346
2337
3902
3671
2037
2702
3483
3518
3894
4453
5837
5213

6708
7569
6369
10125
13028
5132
11033
12118
8431
13747
9228
11322
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Figure 5-7 Histograms of TLR 2 fluorescence and negative control in alveolar macrophages
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Table 5:8 The Mean Fluorescence Intensity of TLR 2 and the Negative Control Antibody in Bovine
Tracheal and Bronchial Epithelial Cells.

Trachea 1

Trachea 2

Trachea 3

Trachea 4

Bronchus 1

Bronchus 2

Bronchus 3

Bronchus 4

Treatment
Untreated
LPS (0.1 µg/mL)
Dex (500 ng/mL)
LPS and Dex
Untreated
LPS (0.1 µg/mL)
Dex (500 ng/mL)
LPS and Dex
Untreated
LPS (0.1 µg/mL)
Dex (500 ng/mL)
LPS and Dex
Untreated
LPS (0.1 µg/mL)
Dex (500 ng/mL)
LPS and Dex
Untreated
LPS (0.1 µg/mL)
Dex (500 ng/mL)
LPS and Dex
Untreated
LPS (0.1 µg/mL)
Dex (500 ng/mL)
LPS and Dex
Untreated
LPS (0.1 µg/mL)
Dex (500 ng/mL)
LPS and Dex
Untreated
LPS (0.1 µg/mL)
Dex (500 ng/mL)
LPS and Dex

MFI +
213
104
83.5
125
91.2
91.2
92.5
84.8
96.4
87.4
86.1
93.8
113
105
107
105
86.1
91.2
92.5
79.6
118
102
104
102
66.8
71.9
66.8
78.4
75.8
86.1
68.1
78.4
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MFI 100
109
97.7
111
105
87.4
83.5
80.9
86.1
86.1
80.9
78.4
96.4
108
97.7
107
80.9
83.5
88.7
83.5
112
103
99
100
59.1
66.8
57.8
73.2
60.4
70.6
61.6
66.8

DMFI
113
-5
-14.2
14
-13.8
3.8
9
3.9
10.3
1.3
5.2
15.4
16.6
-3
9.3
-2
5.2
7.7
3.8
-3.9
6
-1
5
2
7.7
5.1
9
5.2
15.4
15.5
6.5
11.6

APPENDIX C. FUNCTIONAL ANALYSIS OF THE TAP PROMOTER
REGION

Figure 5-8 Sequence Alignment of isolated 500 bp TAP promoter region T1-T5 and TAP promoter
reference gene.
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Figure 5-9 Nucleotide sequence alignment of isolated 1 kb TAP promoter region T1-T5 and TAP
promoter reference gene.
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Figure 5-10 pGL4.17 Plasmid and 1 kb insert.
The green arrow represents the 1 kb insert, the AA start is the amino acid start site in the TAP gene,
“orientation” shows the insertion of the promoter region is in the correct direction.
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Table 5:9 Transformed [ln(Y)] Luminescence Values of firefly and Renilla in Untreated BAES-2B
Cells

Firefly
Trial
1

Trial
2

Trial
3

Empty Vector
Renilla
5.342
6.797
5.765
6.500
6.265
6.750
5.759
6.641
5.613
6.977
5.768
6.156
6.621
6.165
6.616
5.389
5.624
8.042
5.572
8.160
5.553
7.307
5.521
8.537

1 kb 4.17 Construct
Firefly
Renilla
12.633
8.871
12.411
8.779
12.943
9.330
13.529
9.615
12.288
11.436
12.685
11.511
12.978
11.839
12.281
11.320
11.327
7.032
9.535
6.242
10.985
7.385
11.161
7.455
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Table 5:10 Firefly and Renilla Luminescence Values for Untreated bTEC transfected with Either the
1 kb 4.17 Construct or Empty Vector

Treatment
EV 4.17
Calf 1
Construct
Calf 1
EV 4.17
Calf 2
Construct
Calf 2
EV 4.17
Calf 3
Construct
Calf 3
EV 4.17
Calf 4
Construct
Calf 4

Firefly
892
1000
691
154649
157211
162830
1360
950
1130
68840
35900
35770
569
322
377
38874
20907
1071
531
342
610
74908
110442
60070

Renilla
1463
1517
1587
4783
5531
4507
1850
1320
1590
3390
1820
1350
369
309
638
672
670
266
598
759
501
2703
2229
2356
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Ratio F:R
0.610
0.659
0.435
32.333
28.424
36.128
0.735
0.720
0.711
20.307
19.725
26.496
1.542
1.042
0.591
57.848
31.204
4.026
0.888
0.451
1.218
27.713
49.548
25.497

Table 5:11 Luminescence Values and Ratios of BAES-2B Cells Treated with LPS and Pam3CSK4

Firefly

Renilla

Ratio F:R

92670
99834
138620
82517
64741
42750

2.343
3.236
3.121
2.614
3.051
3.151

7123
6502
11272
14994
7205
7254
8482
14581
4419
7709

43.059
37.746
37.093
50.115
49.883
67.607
59.774
38.403
27.459
53.912

1132
514
1612
1728
1529
1358
846
1603
1075
623

73.332
26.930
36.579
40.688
52.721
46.385
27.240
37.982
28.013
63.949

220660
187142
197411
191859
241114
201798
136866
151388
252160
334395
194096
156072

127.798
134.123
120.561
123.007
133.962
158.574
152.704
153.249
90.815
103.470
107.679
97.391

Trial 1
Untreated

Pam3CSK4(1.0
µg/mL)

217106
323092
432643
215676
197506
134696
Trial

Untreated

Pam3CSK4(1.0
µg/mL)
LPS (0.1 µg/mL)

306707
245427
418110
751429
359408
490419
506999
559954
121343
415605
Trial 3

Untreated

Pam3CSK4(1.0
µg/mL)
LPS (0.1 µg/mL)

83012
13842
58965
70309
80611
62991
23045
60885
30114
39840
Trial 4

Untreated

Pam3CSK4(1.0
µg/mL)
LPS (0.1 µg/mL)

28200000
25100000
23800000
23600000
32300000
32000000
20900000
23200000
22900000
34600000
20900000
15200000
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Table 5:12 Luminescence Values and Ratios of bTEC Treated with LPS and Pam3CSK4

Firefly

Renilla

Ratio F:R

4783
5531
4507
4148
3805
4188
1466
1509
1568

32.333
28.424
36.128
41.598
45.134
42.476
55.780
56.354
58.031

2703
2229
2356
1291
1546
965
285
471
281

27.713
49.548
25.497
64.904
74.669
60.667
49.579
48.917
32.032

7361
7196
3719
3592
2393
4554

0.412
0.373
1.023
0.720
1.371
1.177

11561
10131
3381
3630
6348
6767

1.083
1.716
2.644
2.608
2.711
3.708

Calf 1
Untreated

Pam3CSK4(1.0
µg/mL)
LPS (0.1 µg/mL)

154649
157211
162830
172549
171734
177888
81774
85038
90992
Calf 2

Untreated

Pam3CSK4(1.0
µg/mL)
LPS (0.1 µg/mL)

74908
110442
60070
83791
115438
58544
14130
23040
9001
Calf 3

Untreated
Pam3CSK4 (1.0
µg/mL)
LPS (0.1 µg/mL)

3031
2685
3805
2586
3281
5362
Calf 4

Untreated
Pam3CSK4 (1.0
µg/mL)
LPS (0.1 µg/mL)

12525
17385
8938
9468
17211
25091
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Table 5:13 Luminescence Values and F:R Ratios of bTEC Treated with Pam3CSK4 and
Dexamethasone

Untreated

firefly
74908
110442

Renilla
2703
2229

Ratio F:R
27.713
49.548

Pam3CSK4

60070
83791
115438

2356
1291
1546

25.497
64.904
74.669

Dex

58544
3902
10434

965
603
462

60.667
6.471
22.584

PAM + Dex

945
12572
11372

274
429
482

3.449
29.305
23.593

Untreated

3765
74908
110442

312
2703
2229

12.067
27.713
49.548

60070
83791
115438
58544
36394
88026
12090
93933
110758
19646
14303
12431
12775
11518
9418
8947
12875
15400
11909
9473
9523
26516
6507
5338
5748
3716
13129
3431
8731
4299
4271
4351
4308
6110
5519
20079
7709
6101
9691
7038
8108
6425

2356
1291
1546
965
1028
1419
464
1559
1489
423
591
632
543
583
500
514
652
611
582
557
575
1238
355
387
696
304
382
236
568
267
572
279
308
309
325
519
414
279
436
496
834
438

25.497
64.904
74.669
60.667
35.403
62.034
26.056
60.252
74.384
46.444
24.201
19.669
23.527
19.756
18.836
17.407
19.747
25.205
20.462
17.007
16.562
21.418
18.330
13.793
8.259
12.224
34.369
14.538
15.371
16.101
7.467
15.595
13.987
19.773
16.982
38.688
18.621
21.867
22.227
14.190
9.722
14.669

Calf 1

Pam3CSK4
Calf 2
Dex

PAM + Dex

Untreated

Pam3CSK4

Calf 3

Dex

PAM + Dex

Untreated

Pam3CSK4

Calf 4

Dex

PAM + Dex
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Table 5:14 Luminescence Values and F:R Ratios of bTEC Transfected with Various Constructions
of Various TAP Promoter Length

Construct
Insert Size

Animal
Calf 1

Empty Vector
Calf 2

500 bp
1 kb

Calf 1
Calf 2
Calf 1
Calf 2

1.5 kb
Calf 1
Calf 2
1.5 kb GREdel
Calf 1
Calf 2

Firefly

Renilla

F:R Ratio

244
430
625
432
192
174
323
318
25662
23394
13630
3937
11366
10603
3124
14023
13872
5073

3784
3954
5995
3844
1951
1483
2179
3366
5394
2811
3668
1596
5142
5174
1179
4269
4135
2926

0.064
0.109
0.104
0.112
0.098
0.117
0.148
0.094
4.758
8.322
3.716
2.467
2.210
2.049
2.650
3.285
3.355
1.734
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Table 5:15 Luminescence Values and F:R Ratios of bTEC Transfected with Various Constructions
of Various TAP Promoter Length and Treated with Pam3CSK4 and Dexamethasone

Construct
Insert Size

Animal

Calf 1
500 bp
Calf 2

Calf 1
1 kb
Calf 2

Treatment

Firefly

Renilla

F:R Ratio

Untreated
LPS
Dex
LPS + Dex
Untreated
LPS
Dex
LPS + Dex
Untreated
LPS
Dex
LPS + Dex
Untreated
LPS
Dex
LPS + Dex
Untreated

25662
33095
30847
43771
23394
27533
19065
25524
13630
23257
12069
15788
3937
16634
4634
15948
11366
10603
3332
2886
8347
7933
11091
11260
3124
5849
3423
8807
5073
14338
4634
14372
14023
13872
8945
9657
24256
23232
29371
26582

5394
2348
3681
4803
2811
1533
2712
1370
3668
2536
2973
2817
1596
1328
1230
1148
5142
5174
1052
1078
5043
4883
3877
3817
1179
658
1631
1037
2926
1616
2114
1523
4269
4135
2123
2131
9074
7893
7144
7269

4.758
14.095
8.380
9.113
8.322
17.960
7.030
18.631
3.716
9.171
4.060
5.605
2.467
12.526
3.767
13.892
2.210
2.049
3.167
2.677
1.655
1.625
2.861
2.950
2.650
8.889
2.099
8.493
1.733
8.872
2.192
9.436
3.284
3.354
4.213
4.531
2.673
2.943
4.111
3.656

LPS
Calf 1
1.5kb

Dex
LPS + Dex

Calf 2

Calf 1

1.5kb
GREdel

Untreated
LPS
Dex
LPS + Dex
Untreated
LPS
Dex
LPS + Dex
Untreated
LPS

Calf 2

Dex
LPS + Dex
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APPENDIX D. EFFECTS OF DEXAMETHASONE AND STIMULANT ON
EXPRESSION OF CANONICAL NF-ΚB PATHWAY-RELATED GENES

b.

c.

Figure 5-11 Geneious RT-qPCR primer map for IkB, IKK, and RELA
The green arrows show the forward and reverse primer binding region of a) IkB b) IKK, and c) RELA. The
red arrows indicate mRNA coding regions of the individual genes.
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Table 5:16 Relative mRNA Expression Data from IkB,IKK, and REL A RT-qPCR experiment
IkB
Untreated

Dex (500 ng/mL)

LPS
(0.1 μg/mL)
Dex & LPS

IKK
Untreated

Dex (500 ng/mL)

LPS
(0.1 μg/mL)
Dex & LPS

REL A
Untreated

Dex (500 ng/mL)

LPS
(0.1 μg/mL)
Dex & LPS

Calf 1
1.11
1.41
Missing
1.31
2.40
Missing
2.03
3.26
Missing
4.47
4.99
Missing
Calf 1
1.86
1.63
1.40
0.84
1.45
1.40
1.65
1.55
1.59
1.77
2.23
1.48
Calf 1
0.99
0.51
Missing
0.05
0.19
0.44
0.44
0.61
Missing
0.82
0.89
0.51

Calf 2
1.36
1.29
1.50
2.34
1.89
1.81
1.75
1.78
1.97
6.54
7.11
6.41
Calf 2
0.80
1.12
0.74
0.70
0.92
1.44
1.24
1.74
1.78
1.07
1.57
1.42
Calf 2
0.24
0.19
0.13
0.34
0.29
0.81
0.90
3.04
Missing
0.36
0.82
0.82
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Calf 3
1.29
1.61
Missing
2.55
2.64
2.00
1.63
1.53
1.71
4.40
5.23
5.34
Calf 3
1.48
Missing
1.65
1.32
1.30
1.22
Missing
1.08
1.50
1.74
2.68
2.67
Calf 3
0.51
1.16
0.19
0.10
0.36
Missing
1.97
0.59
Missing
0.51
0.76
0.99

Calf 4
2.69
2.43
Missing
2.65
2.98
2.39
1.80
2.63
1.83
7.18
7.66
8.34
Calf 4
1.26
Missing
Missing
0.90
1.36
1.29
Missing
1.88
1.66
2.37
1.99
1.71
Calf 4
0.34
0.27
1.78
0.45
0.32
0.36
5.38
0.92
2.05
0.70
2.21
1.92

Table 5:17 Relative mRNA Expression Data from TAP RT-qPCR experiment

Untreated
Dex (500 ng/mL)
LPS (0.1 µg/mL)
Dex & LPS

Calf 1
0.28
1.27
0.99
5.21

Calf 2
0.16
1.30
1.01
7.38
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Calf 3
1.57
1.61
2.39
8.54

